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An Investigation of the Relationship Between 
Polymer Structure and Mechanical Properties’ 


Part I: Relationship Between Structure, Mechanical 
Properties, and Birefringence 


Richard S. Stein; and Arthur V. Tobolsky{ 


Contribution of the Textile Foundation, and the Plastics Laboratory and the Frick Chemical 
Laboratory, Princeton University, Princeton, New Jersey 


Abstract 


Much progress in the understanding of the mechanical properties of high polymeric substances 
has been made in the past few years. The theory of the mechanical properties of rubberlike 
systems has been developed by Guth, James, Gee, Treloar, and others; those of fiberlike materials 
have been studied by Mark, Harris, Eyring, Halsey, and others; and, also, a theory for the 
double refraction of these materials has been developed by Kuhn and Treloar. In this paper some 
of these developments are critically reviewed and correlated. The general problems involved in 
specifying the viscoelastic properties of a polymer are considered and the role of the prevailing 
theories within this framework is discussed. 

The application of the technique of simultaneous measurement of stress and birefringence for 
time-dependent behavior of these systems is considered. It is shown that through its use the 
mechanical behavior of complex systems may be resolved into more fundamental contributions. 

The method is applied in an experimental survey of the mechanical-optical properties of ma- 


terials varying in nature from ideal rubbers to polycrystalline plastics. 





Tue VARIATION in physical properties of 
high polymeric materials in the solid state is per- 
haps one of their most remarkable characteristics. 


* Presented in part at the High Polymer Forum at the 111th 
Meeting of the American Chemical Society, Atlantic City, 
N. J., April 14, 1947. 

Part II, “‘An Experimental Study of the Stress and Bire- 
fringence Properties of Several Relaxing Polymeric Systems,” 
will appear in the May issue. The literature references for 
both parts are included in Literature Cited, pages 222-223. 

t Fellow of the Textile Research Institute. 

t Staff member, the Textile Foundation. 


The spectrum of properties ranges from those of 
the rubbery state on the one hand to those of the 
fibrous state on the other. These differences in 
properties have been discussed by many authors§ 
and some of the more striking ones are briefly 
summarized in Table I. The classification into 
three regions is somewhat arbitrary but is useful. 
This variation in properties is associated with 
changes in the molecular structure of the material. 


§ See, for example, Mark [53]. 
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TABLE I. 





Rubbers 


Low modulus 


Long-range reversi- 
ble elasticity 


Amorphous structure 


(at low strain) 


Stress increases 


Plastics 


Intermediate 
viscoelastic 
properties 


Polycrystalline 
structure chang- 
ing with temper- 
ature and strain 


Stress varies in a 


Fibers 
High modulus 


Short range, 
partly reversi- 
ible elasticity 


Crystalline struc- 
ture mixed with 
amorphous _re- 
gion 


Stress decreases 





with temperature complicated slightly with 
manner with temperature 
temperature 


Most polymers exist in more than one of these 
regions and they may be transformed from one 
state to another by modification of chemical and 
physical structure and by environment (for ex- 
ample, temperature changes). The understanding 
of the behavior of a polymer demands an under- 
standing of these structural changes occurring 
under differing conditions of stress-strain-tempera- 
ture-time history. It is the purpose of this paper 
to discuss in detail a particular method of making 
such a study and to illustrate its applications to 
several polymeric systems. 

The solid state of polymeric substances has been 
demonstrated in many investigations to consist of 
networks of long-chain molecules, held together 
by chemical bonds, chain entanglements, areas of 
strong attraction between chains, and by crystal- 
lites. The properties of the material are then 
attributed to (1) the nature of the chain itself (for 
example, stiffness, size, topology, and bulkiness) 
and (2) the nature of the interactions between the 
chains (their nature, number, strength, stability, 
distribution, etc.). All of the physical and chem- 
ical changes which the material may undergo may 
be resolved into changes in these specific charac- 
teristics. For example, the stress-strain behavior 
of a polymer is a complex function of both of these 
features, and processes such as relaxation in which 
the stress changes with time (which are extremely 
important for polymeric materials) may be resolved 
into more elementary processes such as chain 
breaking [66], destruction and formation of chem- 
ical bonds between chains [61], crystallization, 
and diffusion of chains with respect to each other 


(68). 
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It is the purpose of this paper to consider the 
viscoelastic properties of polymers from the poirt 
of view of these elementary processes. The nature 
of these processes and their contributions to the 
macroscopic behavior of the polymer are considered 
in detail. From this consideration, the possibility 
of resolving experimentally the observed behavior 
into these contributions is discussed. It will be 
shown that by simultaneous measurement of 
several independent physical properties of the 
system progress in this direction may be made. 
The properties with which we shall concern our- 
selves here are (1) the relaxation of stress for 
samples held at constant length, and (2) the bire- 
fringence (double refraction) of the sample under 
the same conditions. 

The molecular theory rather than the _phe- 
nomenological or empirical approach will be empha- 
sized throughout. 


The Nature of Stress 


For an ideal elastic material, the mechanical 
state may be specified completely by the stress and 
strain tensors, and the properties of the material 
by the components of the elastic tensor. This ap- 
proach is useful in describing the material under the 
most generalized conditions of stress and strain. 
For example, in the case of simple tension or simple 
shear in an ideal elastic material the ratio of stress 
to strain is a constant, independent of time or 
past history of the specimen. However, the theory 
must be expanded considerably in considering the 
case of a real polymeric material, since, in general 
(1) these materials owe their usefulness to the fact 
that they sustain large deformations in a region 
where ordinary linear elastic theory is not ap- 
plicable; (2) time is an important parameter in 
describing the properties of these materials; and 
(3) the state of a material is not necessarily a true 
equilibrium state and is not a single-valued function 
of its external parameters but is a function of the 
past mechanical and chemical history. 

The generalization of classical elasticity theory 
required to describe these additional features would 
be extremely complex. Sucha generalization would 
be necessary in order to describe a material under 
arbitrary experimental conditions. Under certain 
simple experimental restraints—that is, for experi- 
ments along principal axes—it is not necessary to 
use tensor representation and the theoretical treat- 
ment may be greatly simplified. Since the gen- 


Aeertn, 


ape ante 


er. 
fre 
di 
cu 
ret 


be 
is 

me 
pre 
ent 
in 

ent 


ter 
by 


wh 


7 
desi 
the 


equ 


whe 


A is 
rect: 
and 
ing 
proc 
usua 
subs 
PI 
terin 
out 


APRIL, 1948 


eralized treatment would contribute nothing new 
from the point of view of molecular theory, the 
discussion here will be limited to phenomena oc- 
curring under the conditions of these simplifying 
restraints. 


Thermodynamics of Stress 


The case of time-independent phenomena will 
be considered first. In this instance, the force (f) 
is a thermodynamic function which, for experi- 
ments carried out at constant temperature and 
pressure, is given by the derivative of Gibbs free 
energy with respect to length: (0F/dl)7, p. Written 
in terms of the enthalpy (#7), the length (/), and the 
entropy (.S) of the system, the stress is [73]: 


aF\ — (aH as 
(sha. Fa 


The enthalpy is expressible in terms of the in- 
ternal energy (£), pressure (P), and volume (V) 
by the usual thermodynamic relationship: 


i= E+ PY, (1a) 


where 
dE = TdS — pdV + fal. 

The thermodynamics of high elasticity may be 
described by solving these equations restricted to 
the various experimental restraints [14]. 

This analysis shows that for small deformations, 
equation (1a) reduces to: 


(2 
al 


where 


(1b) 


A is the so-called ‘anisotropy factor’? which cor- 
rects for the difference in compressibility along 
and perpendicular to the direction of stretch result- 
ing from orientation induced in the stretching 
process. It is 1 for an isotropic substance and 
usually has a limit of zero for a highly anisotropic 
substance. 

hysical significance may be attached to the 
terms in these equations. For experiments carried 
oul at constant volume (for materials having a 
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Poisson’s ratio of 4) for which thermal expansion 
is neglected in experiments involving small elonga- 
tion, equations (1) reduce to: 


~(9E\) _7/(%) . 
(5 ne: r(S)., (2) 


The internal energy term is related to the forces 
acting between sections of the polymer chain. 
In general, a molecule will not be (instantaneously) 
electrically homogeneous. Molecules may contain 
groups such as OH, COOH, NHz2, and Cl in which 
the local centers of gravity of positive and negative 
charge distribution do not coincide. These perma- 
nent dipoles will attract and repel each other, and 
also induce temporary dipoles in other nonpolar 
sections of the chain which they will attract. 
Even for nonpolar chains, statistical fluctuations in 
dipole moment will occur which result in “dis- 
persion forces.” It is these forces which are 
responsible for the formation of condensed phases 
and which cause crystallization to occur. The 
magnitude of these forces, which are analogous 
to the van der Waals forces of a non-ideal gas, 
will depend on all distances r;; (the distance be- 
tween the ith and the jth atoms in the polymer 
network) (see Figure 1). 


Statistical Description of Condensed Phases 


In the treatment of complicated systems such 
as these, it is not feasible to describe the structure 
in detail in terms of the coordinates of all of its 
atoms. One must be satisfied with a less precise 
statistical description. At this point it will be 
useful to introduce the concept of the generalized 
structural distribution function. 

Rather than specifying the exact position of a 
structural element at a given time, this function 
specifies the probability of any structural element 
having a given position in configuration space 
relative to the positions of all other elements. In 
the hands of Mayer [55] and Kirkwood [39 ] these 
distribution functions have proved useful in de- 
scribing the properties of low-molecular-weight 
substances. 

This distribution function describes the structure 
in terms of a set of distribution functions arranged 
in order of increasing complexity. The first mem- 
ber of this set gives the probability that any struc- 
tural element has particular coordinates. Except 
for crystalline materials this is a constant and is not 
of much interest. The next member is the pair- 
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distribution function which gives the probability 
that any two elements have given relative coordi- 
nates, the next one gives the probability for any 
three elements, and soon. Although the complete 
set of functions completely specifies the structure, 
the advantage of the method lies in the fact that 
in many instances the higher-order functions are 
not important in describing a particular property 
and may therefore be neglected. 

For purposes of specifying the internal energy of 
the system, one may associate a potential with each 
one of these distribution functions, the nature of 
which is obtained from the theory of intermolecular 
forces. The total internal energy is then found by 
integrating the products of the potential and its 
distribution function over the coordinates of con- 
figuration space. 

Since the distribution of these distances is a 
function of the deformation of the polymer as a 
whole, the corresponding energy term will be a 
function of strain; therefore, as seen from equation 
(1), a stress will result. 


Calculation of Energy Contri- 

bution 

As a particular example 
we may consider one type of 
contribution to the energy 
term of equation (1). If two 
atoms are joined together 
by a primary valence bond, 
there will be a most prob- 
able distance between them 
at which the energy is least. 
If a third atom is joined to 
these two, the bond will be 
directed, and a_ particular 
angle between the bonds 
will be most favored. De- 
viations from these distances 
and angles will involve 
rather large energies so that 
the chains will tend to move 
in such a way as to minimize 
these deviations. Such mo- 


tion along paths of mini- E 


mum energy occurs if it is 
not prevented by secondary 
bonds, regions of crystalli- 
zation, and chain entangle- 
ments, or if the deformation 
is not too rapid. For rela- 


Fic. 1. 


points. 







The polymer network. 
at points of cross-linking A, B, C, ete. 
The resultant force on the points of cross-linking arises from (a) change 
of the internal energy due to change of the distribution of intersegmental distances 
(rij) and (b) momentum transfer arising from the internal Brownian motion o/ free 
portions of the chain. 
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tively rapid deformations, however, these factors 
will prevent the chains from moving to other un- 
distorted configurations as fast as is demanded |)y 
the changing external deformation, so that in- 
stantaneous concentration of stress and_ local 
deformation of bond distances and angles will occur 
which will contribute to the energy term. There 
will be reason to refer to the fact that with this 
type of distortional energy a large force can result 
with no appreciable movement of chains as a whole. 

The magnitudes of these distortion energies may 
be estimated from the molecular spectra of the 
material. If v is the frequency associated with 
stretching a bond or “‘bending’’ a valence angle, 
then the associated force constant is 477uv?, where 
u is the reduced mass of the system. For example, 
Mark [52] discusses the possible distortions in a 
chain of carbon atoms (Figure 2B) and calculates 
that the energy required to separate carbon atoms 
C, and C; 10 percent by stretching C—C bonds is 
about 5 kilocals. per mol., and by changing the 
valence angle @ by the same amount, about one 
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FO ate 
Rij 
j= 


Fic. 2A. Model for the kinetic theory calculation of 
W(R). The chain ts assumed to contain j segments of 
length a between points of constraint of distance Rj 
apart. Each segment 1s oriented at an angle @ with 
respect to the preceding segment. The angle o between 
the plane defined by the kth and (k — 1)th segments and 
that defined by the (k — 1)th and (k — 2)th is free to vary 
at random subject to the restriction of constant 0. 


kilocal. This would correspond to a modulus of 
2.5 X 10!" to 2.0 X 10'? for stretching and 4 & 10" 
to 2.5 X 10!! for bending. 


Entropy Contribution to Stress 


This type of calculation completely describes 
the equilibrium elastic properties of low-molecular- 
weight materials, and also describes one limiting 
case of the properties of polymeric materials. This 
contribution to the elastic properties may (at least 
in principle) be calculated from a knowledge of the 
potential energy function and the distribution 
function characterizing the structure of the ma- 
terial. 

However, this molecular concept cannot describe 
one of the more important aspects of polymer be- 
havior, that of long-range rubberlike elasticity. 
The fundamental difference was first noted by 
Joule, with his observation that the stress of 
rubber increases with temperature. From this and 
other observations it was concluded that the stress 
of such materials cannot be described if one specifies 
completely the position of every segment of a 
chain as a function of the deformation of the 
matcrial. On the contrary, one must introduce an 
element of liquidlike structure or chain mobility 
to explain this behavior.* The molecules must be 
allowed, for the most part, to move about freely, 
and may be constrained only at relatively few 


“1: should be noted that a rubbery substance has a high 
bulk modulus but a low Young’s modulus, as does a liquid. 


Fic. 2B. Energy of distortion of a carbon chain. 


points (called ‘‘cross-links”). These points of 
constraint may be chemical bonds, points of high 
energy interaction, such as crystallites, or chain 
entanglements. The intermediate points are al- 
lowed to move about with free translational energy, 
limited only by the primary bond lengths and 
angles. That is, if the position of the cross-links 
is specified, the positions of the chain segments 
are not completely determined. They are free 
to move about among many “‘microscopic configura- 
tions.” The result of this internal Brownian 
motion will be that each point of constraint will re- 
ceive random tugs in all directions. The un- 
stretched length of the material is defined as that 
length at which the average force in all directions 
is zero. Any deviation from this length will result 
in more tugs occurring in one direction, with the 


production of an average force (analogous to the 
pressure of a gas). 
The exact calculation of such a force by the 


methods of classical mechanics would be insur- 
mountably difficult, but a statistical consideration 
is fruitful. For the approximation that the internal 
energy contribution to the stress is completely 
negligible, reference should be made to the method- 
ology of the “‘kinetic theory of elasticity” [18, 
19, 29, 48, 72]. In this method, the network 
structure is no longer specified by the Cartesian 
coordinates of all network points, but rather in 
terms of generalized distribution functions. In 
the absence of strong energy interaction, however, 
such a complete description is not necessary and 
the structure may be adequately specified in terms 
of two simpler distribution functions. 

The polymer network may be characterized by a 
system of free vectors R (AB of Figure 1) connect- 
ing the cross-linking points. Then the network 
distribution function N(R;;) may be defined, which 
gives the number of network vectors of direction 
and magnitude between R;and R; + dR; belonging 
to chains having j segments between cross-linking 
points [ 36, 47 ]. 
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One may also define a chain distribution function 
W(R) as one which specifies the number of con- 
figurations which the segments of a chain associated 
with a displacement vector R may assume. In an 
unconstrained structure, the probability of finding 
two given points of a chain a distance R apart will 
be proportional to the number of configurations 
consistent with such a separation. Therefore, 
W(R) is also necessarily proportional to the prob- 
ability that two such points of a free chain will be a 
distance R apart. 

The probability of finding a network of polymer 
chains with a given distribution P will then be pro- 
portional to the number of ways in which the dis- 
tribution may be attained. This is computed by 
counting the number of possible configurations of 
the segments of the constituent chains and is 


P = Cll;;W(R;;), (3) 


where C is a normalizing constant. Now the con- 
figuration which the polymer tends to assume in the 
undeformed state is the one for which P is a maxi- 
mum. In deforming the material we are not free 
to alter W(R) since that is the function which 
describes the free portion of the chain and is not 
subject to external constraints. The effect of the 
deformation is to transform N(R;;) as a function 
of the transformation of the external dimensions. 
The usual assumption is to take this as a linear 
affine transformation. That is, each coordinate of 
a point of constraint is changed in the same ratio 
as is the corresponding external coordinate (inde- 
pendent of their actual values), so that if 


Ix 


_ Lx _ Ly Lz 
Lx? 


Qa B = Ly ’ and y,= Lz’ 
where L’s are external lengths and L°’s are the 
undeformed values, then N(R;;) must be subjected 
to the transformation 





x’ =ax, y' = By, and 2 = 7, 
where 
19 49 19 
eee ee ee 
ee a ee = oh (4) 
a B Y 


This discussion will be restricted to the case of a 
simple tensile stress in an isotropic material for 
which p = 3 (constant volume). The generaliza- 


tion is obvious. In the simple case: 


aby = 1 (5) 
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mn, 


UNSTRETCHED STRETCHED 


Fic. 3. The change in N(R) on stretching. In the 
unstretched state, the vectors R are randomly and sym- 
metrically distributed. On stretching, the vectors orient 
in the direction of stretch, and those having their principal 
component parallel to the direction of stretch have their 
length increased, while those having their principal 
component perpendicular to the direction of stretch have 
their length decreased. 


and 


The nature of the transformation is illustrated in 
Figure 3, where the vectors R are drawn from a 
common origin. In the unstretched state, their 
distribution is spherically symmetric. When de- 
formed, the vectors change their length and direc- 
tion, and attain ellipsoidal symmetry. 

The origin of this ‘“‘Brownian motive force’ 
should now be clear. Each one of the distribu- 
tions for the network as a whole is assumed to 
have an equal a priori probability. The effect of 
the internal Brownian motion is to cause transitions 
between these distributions (each transition having 
an equal a priori probability). However, they are 
prevented by the restraining cross-linking points 
so that each ‘‘attempt”’ at a transition produces a 

* Guth and James [29] have considered the correction of 


this transformation for thermal expansion. In that case, one 
must substitute for equation (5) 


aBy = 1+ 6(T — To), 


where {» is the volume coefficient of expansion and a, 8, and 4 
refer to the undeformed length at temperature To. This, 
when carried through, is shown to describe such observed 
phenomena as the thermoelastic inversion point and _ the 
anisotropy of linear expansion in the stretched material. 


Al 


tu: 
tio 
un 
wi 
pre 


res 


sec 
evc 


Th 


| 
fun 
abs 
W( 
pro 
met 
the 
bet’ 
and 
dete 
and 
Tht 
neg: 
cha: 
beet 
give 
C 
eacl 
exte 
the 
equi 
segn 
This 
+E 
assun 
two 
Deby 
sume 
respes 
He « 
the + 
the } 
termi 
its si; 


APRIL, 1948 


tug on the cross-link. There are more distribu- 
tions corresponding to structures similar to the 
unstrained structure than any other, so that there 
will be more tugs in the direction necessary to 
produce changes toward that structure; thus a 
restoring force is produced. 

Quantitatively, the force is described by the 
second term of equation (1). The entropy may be 
evaluated from P using the Boltzmann relationship 


S= —kinP. (6) 


Thus by substituting from equation (3), 


S = —kInC — k3if{N(Ri;) In W(R;;)]. (7) 


In order to proceed further, the distribution 
functions must be evaluated explicitly. In the 
absence of any energy interaction, the evaluation of 
W(R;;) is analogous to the classical statistical 
problem of the “‘random-walk’’—that is, each seg- 
ment is oriented at a definite angle 6 with respect to 
the preceding one, and the angle ¢ (Figure 2A) 
between the plane determined by the segment (2) 
and the preceding segment (k — 1) and the plane 
determined by the two preceding segments (k — 1 
and k — 2) is free to assume all values at random.* 
Thus, each bond will be free to make a positive or a 
negative contribution to the displacement of the 
chain as a whole so that after N segments have 
been added there will be a definite probability of a 
given beginning-to-end separation. 

Considering the one-dimensional analogue, if 
each segment may make a contribution to the x 
extension of +a or —a, then the probability that 
the Nth segment is a distance x from the first is 
equal to the probability that there were x/a more 
segments oriented in one direction than in the other. 
This is proportional to the familiar binomial 


* Essentially the same results will be obtained if ¢ can 
assume only discrete values so long as there are more than 
two such values and they are symmetrically distributed. 
Debye [13] has considered the case in which ¢ does not as- 
sume all values at random, but certain orientations with 
respect to the planes of the preceding two links are favored. 
He characterizes this effect by a factor g which expresses 
the ratio of the magnitude of the time-average projection of 
the kth segment on a plane perpendicular to the plane de- 
termined by segments k — 1 and k — 2 to the magnitude of 
its static value. The net result is to replace equation (11) by 


1 — cos 6 
(3) 


ig 


2 


7? = ja’ (11a) 


coefficient : 
N1(2)¥ 
wei lilae 
a —— 
2 2 





Wnr(x) =e 


x 
a 


! 





Applying Stirling’s approximation, one may show 
that 


Wr(x) = cle-@*2Na?), (9) 


Generalizing to the three-dimensional case, it has 
been shown [15] that 


W(Ri;) (10) 


where 


RG = joe Loe 


P= IO TE cos 8" ai 


where 7 is the number of segments in the chain and 
a is the length of a segment. : 

A typical network distribution function N(R; A) 
may be obtained if one assumes that the cross-links 
occur at random, so that if p is the probability 
that a cross-link does not occur at a given segment, 
the probability of a sequence of 7 segments between 
cross-link points [21 ] is 


(1 — p)p?. (12) 


If it is assumed that the chains were distributed 
in accordance with the segment distribution func- 
tion (equation (10)) at the time the cross-links were 
introduced, then by combining equations (10) and 
(12) and normalizing, 

I/D / Cee BP os 2 ; 

N(R;;) = N(1 — p)*p? ob er Re (13) 

where JN is the total number of segments. Then, 

by substituting equations (13) and (10) into equa- 

tion (7) and applying the transformations (equa- 

tion (4)), it is found that the entropy of the 
stretched polymer is 


aor 


3 2 
Es cP | -8r(“+alve+2)) 
1? a 


7 


3 
XB R(x +y 7 4+2,")+1n Bi; \. (14) 
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If the summation over 7 is replaced by an integra- 
tion over dx;’, dy;’, and dz;’ from — 2 to «, one 
finds upon integrating that 


bees 247-1 
S=—kIn CHRD ee (+=) - (15) 
The force per area (calculated on the basis of cross 
section in the stretched state) is then (from equa- 
tion (1)) 


a 0S da 


ab Oa 
= — UX & + 2 No(1 — p)*p? (cr — *) ’ (16) 
j 


where No is the number of segments per unit volume 
but 


dL No(l — p)*p*" = Nol — p). 


j=l 


This is the product of the total number of segments 
and the probability that a cross-link occurs at a 
segment. This product is equal to the total number 
of cross-links NV, per unit volume so that 


f= N&T (« -=). (17) 


This consideration is very much oversimplified. 
The relationship between the total force on the 
polymer and the force on a single molecule has 
been the subject of much discussion [29, 56, 57, 68 ]. 
The application of the affine transformation to the 
cross-linking points meets with the disfavor of 
some investigators. It is pointed out that a cross- 
link point differs from the remainder of the chain 
only in that it is restrained by the necessity of 
several chain ends meeting there. Thus, it is not 
able to move as freely as the intermediate segments ; 
therefore, applying the affine transformation to 
at least these points is probably a good approxima- 
tion. Guth and James [29] obtain essentially 
the same results by mathematically transforming 
the actual network into an idealized network of 
three sets of chains running across the entire ex- 
panse of the macroscopic sample in the three prin- 
cipal directions. Hermans [32] transmits the 
force to the chains through use of a hypothetical 
potential function. Meyer and van der Wyk [57] 
and Kuhn [49] point out that in these treatments 
the possibility of steric interference between the 


“free” parts of the chains has been neglected. 
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They show that as a result of this interference the 
chain will not be free to assume all of the configur- 
tions given equal a priori weight in the “randon:- 
walk” calculation, so that these interference poin‘s 
are subject to additional restraint. Kuhn suy- 
gests correcting for this through the introduction 
of some intermediate steric cross-links in addition 
to the chemical cross-links.* 

Some recent work by Gee [26] on the effect of 
swelling with low-molecular-weight solvents on the 
modulus of elasticity of rubber indicates that the 
ratio of the observed stress to that calculated, 
assuming only chemical cross-links, decreases with 
increasing degree of swelling and approaches an 
asymptotic value which is independent of the swell- 
ing agent used. The function of the swelling agent 
here is probably to decrease the number of steric 
cross-links by separating the chains by a greater 
distance, so that the stress will be due to the chem- 
ical cross-links alone. 

Flory [19] points out that not all of the chemical 
cross-links are effective cross-links, owing to such 
network defects as chain ends, cross-linking of a 
chain with itself, uncross-linked chains, and chains 
having only one cross-link. 

Guth and James [29] have also considered the 
necessary correction for finite chain length. When 
a chain approaches complete extension, the number 
of allowable configurations approaches 1. The 
approximations involved in the calculation of 
W(R) are then no longer valid. In this case they 
find it more convenient to reverse the usual pro- 
cedure and calculate the most probable length of a 
chain subject toaconstant force. The result of this 
is to replace the simple stress-strain relationship 
by a power series in (R/ja), the first term of which 
represents the simple case. 

The stress properties of a linear unvulcanized 
polymer present a more difficult problem. In this 
case there are no chemical cross-links on which to 
apply the affine transformation. How, then, do 
chains interact and how is the externally applied 
force transmitted to the polymer chain? A possible 
approach would be to assume that all the cross- 
links are of the steric type. It would seem de- 
sirable to be able to define the steric cross-link more 
precisely and to be able to estimate the number of 


*Some experimental work by Flory [19], in which the 
number of effective chemical cross-links is measured and com- 
pared with the number predicted, calculated from the elastic 
modulus, indicates possible confirmation of this. 
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such cross-links from the geometry of the molecules 
themselves. An answer to this question would 
require the calculation of the generalized struc- 
tural distribution functions in the case in which the 
volume and the shape of the molecules are not 
neglected. 

Another approach (which is not completely dis- 
tinct from the first) is that chain entanglements act 
as cross-links in this case. Such entanglements 
may be quite stable since it is probable that a 
relatively long length of chain occurs on either 
side of the entanglement. A weak local energy 
interaction along the chain (which may not be 
strong enough or vary sufficiently with deformation 
to contribute to the stress itself) will be sufficient 
to account for a slow diffusion of the meandering 
chain. Treloar [68] has indicated that this is 
probably important in the case of unvulcanized 
rubber. 


Combined Entropy and Energy Contributions 


We have considered the two ends of the spectrum 
of elastic behavior: the limiting cases of the low- 
molecular-weight material or crystalline material 
in which the internal energy contribution is im- 
portant and the entropy contribution is negligible, 


and the other extreme of the rubbery long-chain 
material for which the energy contribution is 
negligible. What, then, of the intermediate re- 
gion? Obviously, neither of the idealized methods 
of calculation are entirely applicable, and an exact 
calculation in this region is insurmountably difficult. 
The problems to be solved are these: (1) In the 
presence of energy interactions between chains, 
what is the most probable distribution of chains 
with respect to each other, subject to the restraints 
of primary-bond distances and angles? (2) How 
is this distribution affected when the polymer is 
deformed? (3) How is the stress on the material 
related to the change in the distribution ? 

Two approaches to the problem are possible. 
One could start with the distribution functions for 
the rubbery state and attempt to modify them by 
imposing additional restraints due to energy; or, 
on the other hand, one could start with a crystal- 
type distribution function and modify it so as to 
introduce a certain amount of rubberlike freedom. 
For example, one could introduce several different- 
type structures with the possibility of transitions 
between them. This latter approach is probably 
a good approximation for materials such as wool, 
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for which there is some experimental evidence for 
the existence of such states [9, 11 ]. 

One possible approximation of the first type 
which should be applicable when there is a small 
amount of energy interaction which is localized 
at not too closely spaced discrete points along the 
chain would be to introduce ‘‘energy cross-links.”’ 
Such a model should yield a stress-strain curve 
similar to that of a cross-linked rubber, but the 
temperature coefficient would be different. In 
addition to the fact that the kinetic energy of the 
chain segments would change with change in tem- 
perature, the number of these energy cross-links 
would also change. 

Another advance in this direction has been made 
by Halsey and Eyring [31]. They have assumed 
the existence of a potential term which is a func- 
tion of the mean extension of a molecule and have 
calculated a distribution function which satisfies 
the constraints of minimization of free energy 
change in the stretching process, conservation of 
the number of segments, and the attainment of 
the observed macroscopic length. They find the 
same form of stress-strain relationship as in the 
case of rubber, except that in 


p=.c(#—1) 


the factor C, and its variation with temperature, 
depends on the explicit form of the potential energy 
function and on the nature of some assumption as 
to the steric restrictions on chain configuration. 

The exact solution of this problem would require 
counting the available network configurations, 
each one of which is weighted with respect to the 
associated interaction energy. All configurations 
would not have equal a priori probability. That is, 
for example, the angle ¢ (Figure 2) of rotation of a 
segment will not be free to assume all values but 
will be subjected to a weighting potential which is a 
function of the locations and orientations of all 
other chains in the network. The potential would, 
in general, be a function of elongation, so that the 
number of configurations available to the chain 
would vary with elongation in a different manner 
from that predicted by the simple theory. In the 
limiting case of a crystal-like material, one (or a 
few) of the configurations are so much more ener- 
getically favorable than the others that the entropy 
contribution resulting from randomness of con- 
figuration is no longer important. 


(18) 
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Fic. 4. Location of a segment in the network. The 
state of a segment in a network may be described, to a first 
approximation, by specifying the angular coordinates of 
its displacement vector, R,(6i, bi) and the spherical co- 
ordinates of the segment (rx, Ox, x) with respect to the 
displacement vector. 


It is seen that in the presence of energy the simple 
network and segment distribution functions are not 
enough, but the orientations of the segments and 
the distribution functions of neighboring segments 
also become important. Because of the sensitive- 
ness of energy interactions to distances, the steric 
restrictions become more important, especially in 
cases of cooperative phenomena such as crystal- 
lization. 

The above discussion has been restricted to cases 
of homogeneous structure. It has been assumed 
that there are no large-scale variations in structure, 
and that the stresses acting on the faces of a volume 
element of molecular dimensions are independent 
of the location of the volume element in the ma- 
terial. This is not a good model for many polymers. 
It is possible to have polycrystalline structure where 
amorphous and crystalline phases exist simul- 
taneously in the polymer over a wide range of 
temperatures [6].* Such a heterogeneous struc- 
ture will result in a heterogeneous distribution of 
stress since the crystalline and amorphous regions 
will not be subject to the same transformation in 
stretching. The stress will then be dependent, in a 
complicated fashion, on the structures, amount, 
size, and arrangement of the crystalline and 


* For a review, see Wood [75 ]. 
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Fic. 5. Production of anisotropy by stretching an 
amorphous material containing randomly oriented in- 
trinsically anisotropic bodies. 


amorphous regions. In general, the amount of 
crystalline material decreases with increasing tem- 
perature, and increases with increasing elongation. 

In addition to this heterogeneity factor, crystal- 
lization will affect the mechanical properties of the 
material because (a) amorphous material with a 
relatively low modulus is replaced by crystalline 
material having a much higher modulus, (b) com- 
petition among crystallites for chains results in 
these chains being placed under tension; (c) the 
volume of the polymer will be affected because of 
the difference in density between amorphous and 
crystalline regions. 

By making simplifying assumptions, semiquanti- 
tative descriptions of these phenomena accom- 
panying crystallization have been obtained [22, 30]. 


The Nature of Birefringence 


Molecular Origin of Birefringence 


An isolated atom of a substance has isotropic 
properties. If the atom is placed in an electric 
field, the electron cloud will become distorted and 
the atom will acquire an induced dipole moment 
(m) in the direction of the applied field (£). The 
ratio of the magnitudes of the induced dipole 
moment to the applied field is known as the polariz- 
ability (y)* of the atom. 

* We are using the symbol y for the polarizability here in- 
stead of the more customary a@ in order to avoid con{usion 
with the ratio of actual to initial lengths, which has been 
denoted by a. 
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Fic. 6A. Production of anisotropy by the interaction 
of the polarizabilities of two neighboring isotropic atoms. 
The two atoms, when separated, have a polarizability yo. 


When placed a distance r apart, interaction of the in- 
duced dipoles results in a change in polarizability to 


4 Ee 
and 7 


If the atoms are combined to form molecules, the 
molecules will not necessarily be isotropic as a 
result of interaction between the induced dipoles 
and distortion of the electron-cloud distribution in 
the formation of a valence bond. For example, if 
two atoms each having a polarizability yo are 
placed a distance r apart, the polarizability of the 
pair along their common axis (Figure 6A) will 
be [621]: 

me 270 
270 : 


a 


E 


(19) 


and that perpendicular to it will be 


(20) 


lf these atoms are arranged in a crystal lattice, 
the resulting polarizabilities will be dependent 
upon its symmetry. Crystals having cubic unit 
cells have equivalent spacings in the three principal 
directions and are isotropic, whereas the less nearly 
symmetric classes have different spacings in differ- 
ent directions and are, in general, anisotropic. 
In an amorphous or randomly oriented structure, 
the units constituting the structure (molecules, 
crystallites, micelles, etc.) may be intrinsically 
anisotropic but, since they have no preferred 
direction of orientation, give isotropic macroscopic 
properties. 

li an isotropic crystal is subjected to strain, the 
atomic spacings will be deformed in a manner 
described by the strain tensor of the material. 


) 


\ 
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Fic. 6B. Production of anisotropy by stretching an 
amorphous polymeric material. In the unstretched state, 
the anisotropic chains are randomly oriented so that the 
aggregate polarizability is the same in all directions. 
On stretching, the chains are elongated and ortented in the 
direction of stretch so that the anisotropy of the individual 
chains no longer averages out. 


As a result, it may be shown (using generalizations 
of equations (19) and (20)) that the polarizability 
will become dependent upon direction, and must 
be represented as a tensor. For a general strain, 
the principal axes of this tensor will not necessarily 
coincide with the principal axes of the strain. 

The forces opposing crystal deformation are 
usually large, and the lattice is not stable under 
large deformation. Therefore, the anisotropy in- 
duced by crystal deformation is usually relatively 
small. 

If an amorphous material is deformed, anisotropy 
may result from two causes: (1) spacings will be 
deformed in a manner similar to the previous case ; 
(2) intrinsically anisotropic units will be oriented 
in such a way that their properties no longer 
average out (Figure 5). In this instance, since the 
only distinguishing direction is the direction of 
stress, the principal axes of the strain and polariz- 
ability tensors must coincide. The orientation 
anisotropy may be very large if the structural 
units are highly anisotropic themselves and the 
forces opposing orientation are small. If astruc- 
tural unit is not itself anisotropic due to internal 
structure but is small and does not have equal 
dimensions in different directions and is also im- 
bedded in a medium having different average 
polarizability or refractive index from its own, 











Fic. 7. Calculation of the polarizability of a polymeric 
chain. The contribution of a segment to the polarizability 
(rx) of the chain depends on the angular orientation 
(0x, dx) of the axis of the segment with respect to the dis- 
placement vector. The total polarizability of the chain 
in a given direction is found by summing the contributions 


of all its segments. 


then a structural or shape anisotropy may occur. 
This is caused by the distortion of the electrostatic 
field at the refractive index discontinuity and has 
been theoretically treated by Ambronn [7] and 
Wiener [74 ]. 

The two effects may be resolved if the material 
imbibes or is’swollen with fluids of different refrac- 
tive indices. If the anisotropy is due to shape, 
then surrounding a structural unit with a fluid of 
the same refractive index as its own should destroy 
the anisotropy. Therefore, a plot of anisotropy 
against refractive index of the imbibing fluid will 
yield a minimum which occurs at zero anisotropy 
if the unit is not intrinsically anisotropic and at a 
finite value if it is. Studies of this type on cellulose 
micelles have been extensively carried out by 
Hermans and his coworkers [44, 45] and others 
(8, 25, 41, 42, 59, 71]. 


The Birefringence of a Polymer Molecule 


A polymer. molecule consists of strings of atoms 
so that one would expect such a molecule to be 
anisotropic in a manner indicative of the geometry 
of the molecule. The polarizability of a solid 
body made from such molecules will depend upon 
the structure of the molecules and on the disposi- 
tion of the molecules in the solid. Since the dis- 
tance between two adjacent atoms in the molecule 
is smaller than the-distance between two atoms of 
separate molecules, and since the dipolar inter- 
action falls off rapidly with this distance (see 
equations (19)"and"(20)) fthe interactions between 
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Fic. 8. Calculation of the polarizability of the network. 
The contribution of the chain to the polarizability, P, of 
the network depends on the orientation (6, o) of its dis- 
placement vector Rj. The total polarizability of the net- 
work in a given direction is found by summing the 
contributions of all of its chains. 


molecules will be small compared with the inter- 
actions between atoms of any one molecule. 
Therefore, it is a good approximation to calculate 
the induced moment in a solid by vector addition 
of the moments of its constituent molecules. The 
induced moment of a polymer can be calculated 
only statistically. To this approximation, the op- 
tical properties of a polymer chain may be expressed 
in terms of the polarizabilities z,, and 7, along and 
perpendicular to its displacement vector R. 

If the molecules are randomly arranged (see 
Figure 6B) any effect due to anisotropy of the 
molecules themselves will average out and_ the 
macroscopic material will be isotropic. If this 
material is stretched, the vectors, R, will acquire a 
preferential orientation and the material will be- 
come anisotropic in a manner determined by the 
change of the molecular distribution functions with 
stretching. 

The polarizability of an anisotropic material is 
not a scalar but a tensor quantity since the direc- 
tion of polarization is not the same as that of the 
applied field except along the principal optical 
axes of the material. The phenomenological de- 
scription of the photoelastic properties is of in- 
terest in many applied problems. Since this 
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aspect of the problem is treated excellently else- 
where [12], we will confine our discussion to prin- 
cipal axes measurements. 

The polarizability of a material is most directly 
related to two macroscopic properties of the sub- 
stance, the dielectric constant and the index of 
refraction. ‘These are related to the polarizability 
by means of the Claussius-Mossoti and the Lorentz- 
Lorenz equations: 


(21) 
(22) 


where € is the dielectric constant of the material, 2 
its index of refraction, and P the polarizability per 
cubic centimeter of material. 

Credit for the quantitative treatment of a de- 
formed rubberlike polymer network is due to Kuhn 
and Grun [46], whose work will be summarized 
here. Their assumptions are essentially those made 
in the kinetic theory of elasticity, in addition to the 
assumption that there is no interaction between 
the polarizabilities of different molecules. As in 
the kinetic theory of elasticity, they consider the 
statistical segment to be their unit of calculation, 
and their method consists of appropriately summing 
the polarizabilities of the segment with respect to 
the segment and network distribution functions. 

The segment is assumed to be rigid and to have 
polarizabilities y; and y2 along and perpendicular 
to the chain direction. The contribution of such a 
segment oriented at angles 6, and ¢, with respect 
to the displacement vector (see Figures 4 and 7) 
may be computed as follows: 

An electrostatic field having a component Ey, 
along the displacement vector will have a projec- 
tion £,, cos @.along the segment and will induce a 
moment m,; = y,E,,cos 6. This moment will have 
a projection m, cos 6 along the displacement vector. 
E, will also have a component £,, sin 6 perpen- 
dicular to the segment inducing a moment mz 
= yi, sin @ having a projection mz sin @ along the 
displacement vector. The contribution to the 
polarizability 2, of the chain along its displacement 
vector to such a segment is the ratio of the total 
projection of the induced moment in that direction 
to that component of field, or 


(wi)x = 1 COS? 0 + ye sin? 4,. (23) 
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Similarly, the contribution to the polarizability 
perpendicular to the displacement vector is 


(wi)k = (¥1 — Y2) sin? 0, cos? be + y2. (24) 


The total polarizability of a portion of chain 
associated with a displacement vector R;; may 
then be found by summing the contributions of all 
of its segments or by integrating the contributions 
over the distribution function of the segments. 
That is, the component of polarizability of a seg- 
ment oriented at angles 6, and ¢, to the displace- 
ment vector must be multipled by the number of 
segments oriented at angles between 6, and 6, + d6, 
and ¢, and ¢;, + dg and integrated over ¢, and 6. 

The number of such segments associated with the 
displacement vector R;; is a function of the mag- 
nitude of the vector R;, the total number of seg- 
ments j, and the length of a segment a. This 
distribution function has been computed by Kuhn 
and Grun [46 ] from probability considerations and 
is found to be 


F R; 
U(Ri;, Dk, 6;.) = exp (<> (= )) 


| a Seen ee 


sinh G (=)| 
ja 
where £~' is the inverse Langevin function defined 
by 
¢ = coth £(x) — 


et ar . 
&£ (x) 


The polarizabilities along the perpendicular to the 
displacement vector are 


nun J (1y)*U(Rij, 8, 6) X% sin 6 dédg (26) 

0 0 

and 

n= [ f (w4)-U(Rij, 8, 6) XZ sin 0déd¢g. (27) 
0 0 


These are to the approximation of the first term in 
the expansion of the inverse Langevin function 
(good for a coiled chain): 


9 


ie R; 
ru =A (nt 20) + Zan - wo (F), 28) 


and 


j i= R:\’ 
m= 3 (11 + 27) ae — v) (=) ; 
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Now, in order to compute the polarizability for 
an entire network, a sum must be taken over all 
chains in the network [by integrating over the net- 
work distribution function N(R;;)]. In a similar 
manner, the contributions of the 7th chain (of 
length R; and oriented at angles 6; and ¢; with 
respect to the external coordinate system) to the 
polarizabilities of the entire network P, and P, in 
(Figure 8) the x and y directions (where x is the 
direction of extension) are 


(P.); = 7, cos? 6; + m, sin? 6;; 


(P,)i = (ay — my) sin® 6; cos? 6; + my. 


(30) 
(31) 


The network distribution function is determined 
as before from consideration of the configuration 
of the chains and the location of the cross-links. 
The distribution function for the deformed struc- 
ture is determined by applying the affine trans- 
formation to the coordinates of the cross-linking 
points of the undeformed structure. Detailed ex- 
amination reveals [70] that the distribution of (R) 
in the undeformed state is immaterial (as in the 
case of the kinetic elasticity theory calculation). 
For purposes of simplicity of illustration, we will 
assume that all of the R’s are of the same length. 
Then, if the displacement vectors are plotted from a 
common origin (Figure 9), all of the ends will lie 
on the surface of a sphere in the undeformed state, 
and on the surface of an ellipsoid in the deformed 





state. The equation of the surface is 
XxX? + 2+ 22 = R? (32) 
in the undeformed state, and 
x? ¥* \ Z'\? 
Eye (Ey+ Eyam as 
a B Y 


in the deformed state. If the total number of 

chains is NV, and the distribution of chains is iso- 

tropic in the deformed state, the density of chain 
ends N(R;;) will be 

— N A) 

N(R;;)dw = fl 


7, (34) 





where w is the solid angle. For a simple tensile 
deformation of an isotropic substance, an annular 
ring on the sphere at angle 6 of area 27R? sin 6d0 
containing (V,/2) sin 6d6 vector ends will shift to 0’ 
on the ellipsoid and the element of angle d6 will be 
deformed in the ratio (assuming that 8 = y = a~?), 


do _ 1 
do’ —s aw sin? 6’ + a? cos? 


(35) 
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Since the number of vectors terminating in the arca 
is conserved, the density will be changed to 


N(R;,')d6'do" = N(R;,)d0d¢ (a) (36) 
so that 
Neat sin 0’d6'd¢’ 


(a! cos? 6’ + sin? 6’)~} 





(37) 


N(R;;')d0'de’ = 
The total polarizability is then found by inte- 
grating the product of this distribution function 


and the polarizability per chain given by equations 
(32) and (33); that is, 


21 7 re 
P,= f { iF} iN(R;;')d0'd¢’ (38) 
0 0 
and 
a f f (P,) N(R; ,)d0'de’. (39) 
0 0 


On evaluating these integrals it is found that: 





P.=N,{3 (nit2y2) +4 (1-1) (a2) (40) 
re) Cy. 
and 
j 1 ae 
Py=Nel 5s (vi t2y2) tes (711-2) ae (41) 
3 15 a 





The refractive indices n,; and n, in the two prin- 
cipal directions may then be found by use of the 
Lorentz-Lorenz equation (22). The birefringence 
A is defined as: 

A=n,—N, (42) 
or 


_ (@ + 2)? In - a 
a = EO NA = 19 (0 :) (43) 





where 
.. - 
io tS Be Me, (44) 
3 

It is seen that to this approximation (comparing 
equations (43) and (17)) the birefringence and stress 
depend upon the elongation @ in the same manner. 
The ratio of stress to the birefringence for such a 
material is: 


ie eT a 
=f PE ft 1 - 
45 Yl v2)( ) 


n 





A 





which is independent of the elongation and of the 
number of the displacement vectors but depends 
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only upon the optical properties of the segment 
itself. 

From a knowledge of this ratio and from a 
measure or an estimate of the birefringence of the 
monomer unit, Hermans has been able to calculate 
[32] the number of monomer units in such a 
statistical segment. The values obtained are 
reasonable and serve as a measure of the effective 
“stiffness’”’ of the chain. They could be used to 
calculate the steric factor g of the Debye equa- 
tion (11a). 

This theory suffers from the same defects as does 
the kinetic theory of elasticity. The treatment for 
network chains of finite length has been given by 
Kuhn [49] in which higher-order terms of the 
expansion of the inverse Langevin function must 
be retained. It is shown that when these addi- 
tional terms are included, deviation from the 
constancy of the stress-birefringence ratio at higher 
elongations occurs. 

The treatment has been generalized by Treloar 
[70 ] so as to describe the birefringence of a material 
under an arbitrary three-dimensional distortion. 
He concludes that for small distortions the differ- 
ence between any two of the principal refractive 


UNS TRE TCHED 


STRETCHED 


Fic. 9, 
Stretching. 


vectors are uniformly distributed over the surface of a sphere. 
vector ends which were in the ring at 6 and spanned by dO, are transformed to a 
new position 8 in a ring on the surface of an ellipsoid which is spanned by dé’. 


Change in the angular distribution of the displacement vectors on 
In the unstretched idealized network, the ends of all displacement 
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indices is proportional to the difference between the 
corresponding principal stresses (for light propa- 
gating parallel to one of the principal axes). 

The birefringence of a material is less sensitive to 
small internal energy interaction than is the stress. 
It may be useful at this point to consider the case 
of a ‘‘regular rubber’ (analogous to Hildebrand’s 
“regular solutions’) in which internal energy and 
entropy both contribute to the stress but do not 
influence each other. That is, for such a hypo- 
thetical substance, the energy interactions between 
molecules would contribute to the stress but would 
not weight configurations sufficiently to affect the 
entropy. In such a case the birefringence would 
not be affected since the network and segment dis- 
tribution functions of the molecules would not be 
changed; therefore the ratio of stress to birefring- 
ence would exceed the ideal value by an amount 
depending upon the internal energy contribution 
to the stress (which in general would be a function 
of elongation). 

In a real rubber, of course, the distribution 
function (which completely defines the entropy 
and the birefringence) would be influenced by the 
energy interaction so that the deviation of the 
ratio could not be _ inter- 
preted as pure internal 
energy but would also be 
dependent upon the modi- 
fication of the entropy by 
the energy interaction. 

Equation (45) predicts 
that the ratio of stress to 
birefringence should be pro- 
portional to the absolute 
temperature. It is not likely 
that an internal energy con- 
tribution will vary with tem- 
perature in this way. Thus, 
if one plots (f/TA) against 
stress, strain, or tempera- 
ture for an experiment, one 
should obtain a_ straight 
horizontal line for a material 
whose structure approxi- 
mates that considered in the 
kinetic theory of elasticity 
(Figure 10), but he should 
obtain deviations in the case 
of a real polymer of a nature 
determined by the internal 
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for an ideal and a real polymer. 


energy contribution and its change with variation 
of the experimental parameters. 

The simultaneous measurement of stress and 
birefringence should thus prove a useful tool in 
resolving the mechanical behavior of a polymer 
into its more basic components. The relationships 
to be studied may be represented symbolically in 
the following manner: 


Entropy + Internal Energy = Free Energy 
1 1 


Distribution Function Stress 


1 


Birefringence 


The case of a polycrystalline material is again 
more complicated. Here, in addition to the orien- 
tation of the amorphous chains, the birefringence 
will be determined by the amount, distortion, and 
orientation of the crystalline material. Crystals 
formed in the unstretched state are unoriented and 
do not contribute to birefringence, but they may 
be oriented by stretching the polymer. On the 
other hand, crystals formed by stretching or by 
cooling the stretched material will be oriented. 
These processes may be readily studied [64, 67] 
(to be discussed in Part II of this paper) by meas- 
of stress and birefringence. Thiessen 


urement 


STRESS 


Relationship between stress and birefringence 
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and Whittstadt [64] pro- 
pose and illustrate the use 
of x-ray diffraction measure- 
ments in conjunction with 
the birefringence measure- 
ments. 

The change of a_ bire- 
fringence with orientation of 
crystallites has been treated 
theoretically by Kratky [43] 
and Hermans [33 ] using two 
idealized models. The first 
of these represents the 
crystallites or micelles as 
rigid rods suspended in a 
viscous fluid subjected to 
an affine translation when 
stretched. With this model, 
the distribution function of 
rod orientations changes in 
the same way with defor- 
mation as does the distri- 
bution function of displace- 
ment vectors in the network 
theory ; hence equation (37) may be applied. The 
net birefringence is then formed by integrating the 
components of polarizability of the crystallites over 
this distribution function. 

In the second model the crystallites are repre- 
sented by bundles connected together at their ends 
by flexible joints. The distribution function de- 
scribing the orientation of these rods is 


STRESS OR STRAIN 


Nd6= Noe| 1+ tan? ; E +e" tan? ; | w. (46) 


where 7 is defined by 
a=[sinh 2r—27+2 In cosh 7 ][sinh 7 ?; (47) 


@ is the angle a rod makes with the direction of 
orientation; a is the degree of elongation; and No 
is the total number of rods. Cellulose is found to 
behave in a manner intermediate between the 
predictions of these two models. 

A theory of the birefringence of a polycrystalline 
material would have to contain the following fea- 
tures: 

1. The relative amounts and form of crystalline 
material would have to be represented as a func- 
tion of stress, strain, time, and temperature history. 
For example, the orientation of the crystals formed 
at any time would depend on the distribution 
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function of the amorphous region at the time they 
were formed. 

2. The distribution function (and birefringence) 
of the remaining amorphous regions would be ex- 
pressible in a theory of the form of the Kuhn- 
Treloar network theory. 

3. The orientation due to the changing distribu- 
tion function of the amorphous regions of the 
crystals already formed would have to be expressed 
in a manner similar to the Kratky-Hermans 
theories. 

4. All of these foregoing factors would be inter- 
related in a manner determined by the complete 
environmental history of the polymer up to the 
time in question. 


Time-Dependent Behavior 


Nature of Equilibrium 


The foregoing discussion has been confined to 
systems in equilibrium. In the strict sense, how- 
ever, no polymer is ever at equilibrium as long as 
it is under stress. Every chemical and physical 
bond has a finite dissociation energy and will have a 
definite probability of breaking and re-forming, so 
that the stress will be relaxed. However, the rate 
of bond breaking at low temperatures in a network 
sustained by primary bonds is often negligible and 
hence of no practical significance. Therefore, in 
this discussion, we will use the term “‘equilibrium”’ 
in its loose sense, as meaning equilibrium with 
respect to the time scale of the particular experi- 
ment concerned. 

The thermodynamic properties of a system such 
as entropy are average properties which are defined 
only in terms of equilibrium systems. They 
represent averages over the thermal fluctuations of 
the system. If the change of stress of a system 
with time occurs at a rate which is much less than 
that of these thermal variations, then there will 
be time for the properties of the system to express 
themselves in terms of a statistical average, and the 
thermodynamic treatment will be applicable to 
describing the properties of the spectrum of pseudo- 
equilibrium states between which transitions occur. 

If the changes in properties of a system occur at a 
rate comparable with these thermal fluctuations, 
then the thermodynamic terminology is not ap- 
plicable and the thermodynamic properties of the 
system are not defined. The non-equilibrium 
States cannot be described in terms of such a small 
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number of parameters, so that either a more com- 
plex thermodynamics involving more parameters 
must be devised or the description of the behavior 
of the system must be expressed directly in terms 
of the distribution functions of the non-equilibrium 
state [38]. 


Measurement and Origin of Relaxation 


There are several ways in which the change of 
the mechanical properties of a system may be 
measured. One may observe the change of stress 
at constant strain (or length) ; the change in strain 
(or length) at constant stress (or load); the change 
of one of these when the other is changed at a 
constant rate; the behavior of the material on being 
subjected to a periodic stress or strain; etc. (and 
the corresponding experiments with birefringence, 
x-ray diffraction, etc.). All of these modes of 
expression should be special cases of a general 
theory, and their results should be interconvertible 
[5]. Again, for simplicity, this discussion will be 
restricted to experiments in which the sample is 
stretched instantaneously and the changes in proper- 
ties are measured during the time it is held at con- 
stant length. 

In terms of the molecular distribution functions, 
the relaxation is a process by which a distribution. 
function having low probability changes to one 
having greater probability. The kinetics of this 
change is determined by the kinetics of the molecu- 
lar processes involved. The complete description 
of the relaxation process involves a differential 
equation describing the rate of change of the dis- 
tribution functions with time of the form 

dF 


— = Sf(F,t, P), 


dt (48) 


where F represents a distribution function and f 
is some function of that distribution function, time, 
and molecular and external parameters p which 
describes how atoms move in the phase space of 


the network. This is integrated to solve for F, 
subject to the initial conditions of the original 
deformation. From a particular distribution func- 
tion, F, the stress or birefringence may be obtained 
by the methods of the type of equations (1) to 
(17) and (23) to (44) for pseudo-equilibrium proc- 
esses or by more elaborate procedures for non- 
equilibrium systems [38 ]. 

Alfrey [2] has advanced a general phenomeno- 
logical treatment of the time-dependent strain 
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birefringence of viscoelastic materials. He treats 
the problem as an extension of the distribution of 
relaxation-time treatment of stress relaxation, and 
introduces a distribution function of stress-optical 
coefficients. In that way, each relaxation time is 
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characterized by an elastic compliance and a 
stress-optical coefficient. 

A time-dependent change in stress or birefrin- 
gence may usually be resolved into one or more 
The more important of these 
may be classified as follows 
(Figure 11): (A) chemical 
reaction, (B) viscous flow or 
diffusion, (C) crystallization, 
(D) release of distortion, 
(E) orientation of crystal- 


9 


‘‘unit-processes. 









lites, (F) configurational 
changes, (G) macroscopic 
faults. 


LOG TIME 
The relative contribution 


of these processes for a given 
substance varies with tem- 
perature. 


Relaxation Processes 


The  chemical-reaction 
type of mechanism may be 
further subdivided into (1) 
chain scission and (2) chain 
interchange and (3) cross- 
linking processes. The chain 
scission process (Figure 11 
(A)) is probably best. illus- 
trated in the relaxation of 
cross-linked natural rubber. 
The high-temperature relax- 
ation has been demonstrated 
[16, 56, 63, 65] to occur by 
the oxidative scission of the 
carbon chain, probably oc- 
curring by a radical chain 
reaction. The rate of the 
oxidation reaction is slow 
compared with the thermal 
vibration and the equilib- 
rium theory should be ap- 
plicable here, so that for an 
ideal rubber-type substance, 
the ratio of the 
birefringence should not 
vary during the relaxation 
process. In this case, the 
decay of either the stress or 
the birefringence is <eter- 
mined by the kinetics of the 
oxidation process. 
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The effect of the chemical reaction is to remove 
chains from the network and the network distribu- 
tion function changes symmetrically (independent 
of the value of its argument) with time. From 
equation (17) for a material obeying the kinetic 
elasticity theory 


f= er (ot - 2) OF (49) 


dt a) dt 
Similarly, for birefringence from equation (43) 


CID Jehu = ve 
"6S ieee ok ta di 


a 


(50) 





The oxidative scission is usually accompanied by 
simultaneous cross-linking (since radicals produced 
will react with double bonds or other portions of the 
neighboring chains). It is found [65] that for 
rubber these cross-links enter the structure in such 
a way that they do not contribute to the stress or 
the birefringence. Tobolsky and Andrews [65 ] 
have demonstrated that a system in which simul- 
taneous scission and cross-linking are occurring 
may be analyzed by simultaneous measurement of 
the instantaneous modulus of the specimen. Three 
types of behavior have been found: 

1. The scission and cross-linking reactions pro- 
ceed at the same rate. The stress (and birefrin- 
gence) relaxes but the instantaneous modulus does 
not change. 

2. The scission reaction is faster. 
taneous modulus decreases during the relaxation. 

3. The cross-linking reaction is faster. The in- 
stantaneous modulus increases. 


The instan- 


In the presence of a small energy contribution 
(small enough so that the chemical reaction is still 
rate-determining), the energy contribution will 
generally vary (usually decrease) as the relaxation 
proceeds (since the distribution functions are 
changing with time). Therefore, the ratio of stress 
to birefringence will vary in a_ corresponding 
Manner. 

The assumption that the chemical reaction is 
rate-determining and that the energy interaction is 
small implies that the average time per reaction is 
large compared with the time required for the 
chains to diffuse to their relaxed configurations 
after they are cut. If this is not so, as with rubber 
at low temperatures, then a chain will still con- 
tribute to the stress after the chemical reaction and 
the rate-determining process is the diffusion. Thus 
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for a structure in which energy interaction is im- 
portant, the scission of isolated chains will not by 
itself cause relaxation, but a chemical process in- 
volving alteration of a large fraction of the sur- 
rounding structure (such as depolymerization) is 
necessary. 

The interchange process is somewhat similar to 
the scission-cross-linking processes and is best de- 
scribed by an example. The relaxation of poly- 
sulfide rubber has been shown [58] to involve 
principally an interchange reaction between a 
mercaptan terminal and a disulfide link: 


—S—H <—S H 
a 


The effect of such a reaction is similar to that of a 
scission and cross-linking reaction proceeding at 
the same rate, and the same considerations apply. 

This type of relaxation has been considered for 
general constraints by Green and Tobolsky [28], 
who have derived the equation for simple tension: 


Pe ES RE 5 
CSkT 3 om? oi’ 78) 
where 


ine fy! 
= exp (— k’t) sa + eet k’dt' |. 


m* Mo~ 


t 
i exp (R’t)l(t’)k’dt’ |. 


e/O 


n = exp (— k’t) E + 


So is the total number of cross links per cubic 
centimeter, f is the stress at time /¢, / is the length, 
k is Boltzmann’s constant, k’ is the specific-rate 
constant for interchange, and m, and n. are the 
values of m and n at ¢t = 0. 

Relaxation due to breaking and remaking of 
secondary-bond cross links may also be considered 
under this category. At a given temperature there 
are a definite number of secondary cross links in the 
structure, which are displaced to improbable posi- 
tions on deformation. The location of these is not 
fixed—their position is continually changing both 
in the stretched and unstretched materials. This 
is not detectable in the unstretched material, but 
is accompanied by a return of portions of the chain 
to more probable configuration if the material is 
stretched, thus causing relaxation. The kinetics 
of this process is similar to that of the interchange 
reaction with the exception that a single chain does 
not completely relax in a one-step process but does 
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so only partly. The effect of this is to flatten the 
relaxation curve. 

Relaxation of stress may also occur by a process 
of internal diffusion or viscous flow of chains con- 
stituting the polymer body. These processes 
differ principally from the chemical processes in 
that specific localized forces are not involved. 
The specific-rate constant describing the local 
molecular activation process can be described in 
both cases in terms of the following equation [27 ]: 


kT ae. i Sek iia 
1 = = g AFtRT — ~~ gant Rrreastik (52) 


‘ h h 


where AF?, AH*, and AS* are the free energy, 
enthalpy, and entropy of activation. The heat 
term is associated with the height of the potential 
energy curve AF} separating initial and_ final 
states, and AS is related to the ‘“‘steric’’ factor of 
the reaction involving the transfer of kinetic energy 
between reactants and products. 

In the chemical-type processes, the transition 
occurs by a chemical reaction, independent of the 
externally applied force. The entropy term is 
determined (for small energy interaction) prin- 
cipally by the properties of the specific groups at 
which the reaction occurs and not by the geometry 
of the network as a whole. The network geometry 
was introduced only in order to translate the effect 
of a particular reaction in terms of the relaxation 
of the polymer. On the other hand, because of the 
nonlocal character of the interaction in the diffu- 
sion-type process, the structure of larger portions 
of the chain plays a role. For example, the rate of 
a chemical-type relaxation is not very dependent 
upon the molecular weight of the polymer chain, 
but the molecular-weight dependency for diffusion- 
type processes is marked. 

In considering the kinetics of diffusion processes, 
two important questions must be answered: (1) 
What is the size and nature of the structural ele- 
ment whose motion the activation energy describes? 
and (2) In what way do these motions combine to 
cause relaxation of the polymer as a whole? 

An insight into the nature of the molecular 
processes can be obtained only from a study of 
the macroscopic processes derivable from them. 
It is necessary, however, to have a precise mo- 
lecular model in order to interpret the results of 
macroscopic measurements in terms of the ele- 


mentary activation step. Macroscopic measure- 


ments of a suitable type would include stress and 
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birefringence relaxation, creep, viscosity, diffusion, 
dielectric relaxation, etc. All of these arise fron, 
a common elementary process but the imposed 
distortion of the molecular distribution function 
by the external constraints and the geometric 
integration of the effects of the unit process over 
the structure of the material are different in each 
case. 

A molecular model which allows the interpreta- 
tion of macroscopic viscosity and diffusion of low- 
molecular-weight liquids has been advanced by 
Eyring and his coworkers [27]. They have shown 
that at low shear rates the viscosity of a material 
consisting of independently moving units is ap- 
proximately 


h vat ‘ 
— errise, (53) 
where / is Planck's constant and V is the volume of 
the moving segment, and that the diffusion con- 
stant is 
er 


sa ; (54) 
A 7 


D 
where is approximately the distance between 
equilibrium positions of the segment. 

In an attempt to answer question (1) stated 
above, Flory [20] and Kauzmann and Eyring [37 ] 
have plotted the energy of activation (determined 
by viscosity measurements) against the number of 
carbon atoms in a molecular chain and have found 
that AH increases up to about 30 atoms and then 
levels off. They have interpreted this experiment 
as indicating that the moving elements in the diffu- 
sion of a polymer chain are segments* of about 30 
atoms’ length which make independent activated 
jumps. 

The simple Eyring theory must be elaborated in 
describing these jumps of segments of a polymer 
chain. All of the jumps are not effective since 
segments are connected together and it is necessary 
that there be a cooperative jumping of several 
adjacent segments in order that larger parts of 
the chain move as a whole. The number of effec- 
tive jumps will also be further reduced by inter- 
ference and entanglement with other chains. This 
introduces a steric restriction which is dependent 
upon the molecular weight. 

This problem has been approached experiment- 
ally by Flory [20], who has shown that the vis- 


* These segments are not related necessarily to the segments 
of the kinetic theory of elasticity. 
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cosity of molten polymers may be described by an 
equation, 


n = Aer?esHt RT (55) 


where A and 6 are constants and Z is the degree of 
polymerization. 

This is an experimental attempt to answer ques- 
tion (2) for the case of viscosity. The answer in 
the case of stress (or birefringence) relaxation is not 
too clear. If a polymer is stretched, the general 
structural distribution function becomes altered 
in a manner dependent upon intermolecular inter- 
action. The chains then tend to return to their 
more probable configurations at a rate dependent 
upon the elementary process of activated transi- 
tion. The stress then depends (in a manner also 
dependent upon intermolecular interaction) on the 
instantaneous departure of the distribution func- 
tion from its equilibrium value. 

Frenkel [24] has attempted to estimate the rate 
of return for a rubberlike chain. For a single, 
one-dimensional chain of N segments of length a 
the force acting upon the end segment may be ob- 
tained from equation (9) and is 


f=- =: (56) 


This end segment may be thought to diffuse as 
though it were independent and acted upon by this 
force. If 2(t, x) is the number of such chains in the 
interval x to x + dx in the time instant ¢ to ¢ + df, 
the diffusion of the end segments may be described 
by the generalized diffusion equation 


on 0’n 0 ( Dnf 

— = D—- =—(|—= 7) 

at ax? = ( kT ) , an 
where D is the diffusion constant. Combining 


these, Frenkel finds that the relaxation proceeds 
exponentially.in the manner 


X = X pe~!!T, (58) 


where X is the average extension of these molecules, 
X> is the most probable value, and 7 is the relaxa- 
tion time given by 





_ 


5¢ 
D (59) 


‘ 
This consideration neglects any entanglement 
effects, ete., and treats all surrounding molecules 
as constituting a continuum. 

Kirkwood [38], Alfrey [3], and others have 
considered this problem in more detail and have 
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shown that the solution of the more exact diffusion 
equation is expandable in a series of such exponen- 
tial terms constituting a distribution of relaxation 
times. 

By applying Wall’s assumed transformation [72 ] 
to the segment distribution function on stretching 
and using the relaxation time given by the Flory 
viscosity equation [21 ], Alfrey [3] calculates that 
the elastic compliance (reciprocal modulus) asso- 
ciated with a particular relaxation time, 7, is given 
by 

( AH? 


Inz7—InA —- ——~ 


2 RT 


> T 


J(r)dr = 


for a < Inz < 8, where A and 0 are the constants 
from the Flory equation, 


AH?* 
a=InA+Z, 

Le 
B=InA + pp t bvZ, 


Z is the number of segments in the polymer chain, 
and p is the density of chains in the polymer. 
These equations apply only to noncrystalline 
materials where the energy interaction is not too 
great. It has been assumed that the energy asso- 
ciated with the force on a segment is small com- 
pared with the activation energy of the diffusion. 
This is not the case for many materials (such as 
polycrystalline fibers) and a non-Newtonian theory 
of viscosity and diffusion in which the coefficient 
of viscosity and the diffusion constant depend upon 
the applied force must be introduced [31 ]. 
Thixotropic behavior (where the structure and, 
hence, the viscosity and diffusion constant depend 
upon the’ rate of shear) may also occur, especially 
for high shear rates. It is known that if a solution 
of long molecules is subjected toa high shear rate, the 
molecules become oriented. It is possible that this 
may also occur with the solid polymer. Moreover, 
in some polymer-plasticizer systems, a secondary- 
bonded gel structure may build up which will be 
broken up on shearing (decreasing the viscosity). 
The distribution functions characterizing these 
models for diffusion relaxation have not yet been 
integrated with respect to the birefringence param- 
ters. However, experimental work seems to indi- 
cate that in the absence of internal energy contri- 
bution the birefringence and stress are proportional, 
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as in the case of chemical-type relaxation (Figure 
11(B)). 

Relaxation through crystallization is again prob- 
ably a pseudo-equilibrium process, the molecular 
motions associated with the crystallization not 
being those directly responsible for the stress. 
The stress decreases through a release of tension in 
the amorphous region owing to the straightening 
out and orientation of chains in the crystallites 
(Figure 11(C)). The kinetics of the process is that 
of the crystallization, which in turn depends upon 
the temperature, structure, and elongation of the 
polymer. This process has been considered theo- 
retically by Alfrey and Mark [4] and experiment- 
ally by Wood [76], Field [17], Davey [51], 
Holt and McPherson [34], Kirsch [40], Treloar 
[67] and others. A general theoretical treatment 
of the crystallization process is presented by Frenkel 
[23]. The phenomenon is governed by two rate- 
determining processes: (1) the formation of nuclei, 
which proceeds most rapidly at a temperature some- 
what below the temperature of crystallization (this 
is rate-determining at higher temperatures and is 
more important during the first crystallization) ; and 
(2) the growth process, which is an activated dif- 
fusion process and which is more rapid at higher 
temperatures. 

The effect of the crystallization on the stress 
may be conveniently discussed from thermody- 
namic considerations. Since in crystallization the 
number of available configurations is decreased, 
the entropy of the system decreases. However, 
the process occurs spontaneously because of the 
greater decrease in free energy associated with the 
bringing of attracting groups close together. 
Therefore, the stress decreases; however, although 
the stress decreases in this process, the birefringence 
increases. The ratio of stress to birefringence will 
then decrease (Figure 11(C)). 

Crystallites formed in a strained structure form 
in an oriented position. Therefore, if a structure 
containing unoriented crystallites is strained, it 
will be thermodynamically favorable for them to 
orient. This may occur by two processes: (1) 
rotation of existing crystallites through a diffusion 
process, and (2) melting and re-forming in oriented 
positions. Both of these processes occur more 
rapidly at higher temperature. Process (1) can 
occur at appreciable rates only if the degree of 
crystallinity is low. The recrystallization process 
(2) has been observed for deformed metals [35]. 
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It is believed that in regions of high distortion 
‘“‘a number of atoms undergo displacements in suc‘: 
a way as to form new undeformed crystal nuclei, 
which, on account of their lower states of potential! 
energy relative to their surroundings, grow at the 
expense of the latter” [35]. As with crystalliza- 
tion itself, this process is accompanied by a de- 
crease in stress and an increase in birefringence 
(Figure 11(E)). 

It has been pointed out that in the presence of 
appreciable energy interaction, bond distances, 
angles, and crystal parameters will distort in 
preference to the motion of large portions of the 
molecule. We have called the relaxation and re- 
distribution of these local stresses ‘‘distortion 
relaxation.” The distortion is related to stress 
principally through its effect in increasing the 
internal energy. Its relaxation is accompanied by 
a decrease in stress with little effect on birefrin- 
gence (Figure 11(D)). As opposed to crystalliza- 
tion, the internal energy of deformation increases 
with elongation. 

With distortion, one finds that the identity 
periods in crystalline regions [10] and the fre- 
quencies of infrared absorption bands [60] shift 
with elongation. 

The configurational change process is that indi- 
cated on page 209—that is, a — 8 keratin transition 
in wool—where transitions between several equi- 
librium states are possible. 

Relaxation at macroscopic faults is a heteroge- 
neous process in which cracks, etc., occur at points 
of failure. A possible example is the crazing of 
polystyrene. 
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Abstract 


Observations in the literature concerning the effects of certain fungi and bacteria on the 
structure of the wool fiber are scattered and contradictory. 


In this study, using the fungus 


Microsporum gypseum and the bacterium Pseudomonas sp., it has been observed that the scale 
cells of the wool are not dissolved. On the basis of microscopic observations supplemented by 
breaking-strength determinations of degraded cloth and by loss in dry weight of degraded wool, 
it is concluded that the weakening of wool subjected to microbiological attack is due to effects 


upon the intercellular substance and upon the cortical cells. 


When degraded wool is wet, its 


breaking strength seems to be limited by the strength of the intercellular substance, whereas the 
tensile strength of such wool which has been dried apparently is determined by a weakening of 


the cortical cells. 


fibers and grow parallel to the fiber axis, apparently between the cortical cells. 
penetration occurs through the fiber ends or through breaks in the epithelium. 


It has been demonstrated that the hyphae of M. gypseum penetrate the wool 


Presumably 








Tuis REPORT consists of background informa- 
tion for a study of the fundamental aspects of the bio- 
logical degradation of wool. Recorded observations 
of the effects of microorganisms upon the structure 
of the wool fiber are contradictory. In general these 
have been incidental to some other objective, such 
as a study of the structure of the normal wool fiber. 
Prerequisite to the elucidation of the mechanism of 
degradation and to the establishment of a scientific 
basis for the design of preventive measures is a con- 
cept of the structural changes which result from the 
action of microorganisms. The relation of such in- 
formation to our knowledge of the structure and com- 
position of the wool fiber must also be considered. 
The typical wool fiber is composed of an external 
layer of shingle-like epithelial or scale cells known as 
the cuticle, and an internal core of spindle-shaped cor- 
tical cells. It is assumed that the cortical cells are ce- 
mented together by an _ intercellular substance. 
Stoves [13] and von Bergen [15] have reviewed the 
histology of normal wool fibers in detail. Informa- 
tion concerning the structural changes produced dur- 
ing the microbiological degradation of the wool fiber 
is confusing. Some investigators have asserted that 
the scale cells are dissolved whereas others have ob- 
served merely a loosening of the cuticle. Most work- 


* Presented at the American Association for the Advance- 
ment of Science meetings, Chicago, December, 1947. 

+ Biological Laboratories, Quartermaster Research and 
Development Laboratories, Philadelphia. 


ers in the field report a loosening and separation of 
the cortical cells which has been ascribed to solution 
The effects of 


of an assumed intercellular substance. 
microorganisms on the cortical cells have not been 
given much consideration. 


Materials and Experimental Methods 


The major portion of the experimental work was 
carried out with Microsporum gypseum (Bod.) Gui- 
art & Grig. (PQMD 196). This fungus was origi- 
nally isolated from wool fabric (Sept. 12, 1946) 
which had been subjected to an indoor soil-burial 
test at this laboratory. It is capable of rapidly de- 
grading both autoclaved wool and wool which has not 
been sterilized. The bacterium used, Pseudomonas 
sp. (POMD WX), was also isolated from wool 
fabric used in a soil-burial test. The characteristics 
of this isolate are: Gram-negative rod with tuft of 
four polar flagella; glucose fermented without evolu- 
tion of gas; lactose not fermented; gelatin liquefied 
in 2-3 days. It degrades autoclaved wool very rap- 
idly, but acts only slowly on wool which has not been 
autoclaved. 

The wool cloth employed was a gray wool char- 
meen, 70s grade, 6.5 oz./sq.yd., which had_ been 
scoured and carbonized. The wool fiber used in 
shaker-flask studies was a commercially scoured and 
It was degreased by successive 
with clean 


carbonized sample. 
alcohol and ether extractions, washed 
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water, and air-dried. It was then passed through a 
Wiley mill, equipped with a 40-mesh sieve. 

Two types of experiments were carried out with 
AM. gypseum. In one, surface culture methods were 
used ; in the second, submerged growth was produced 
in shaker flasks. A third, with bacteria, was per- 
formed with wool strips partially submersed in a 
mineral nutrient solution in test tubes. 

In the surface culture technique, strips (1 X 3 in.) 
of the cloth which had been wetted in 70-percent 
ethanol and rinsed in distilled water were placed on 
a layer of glass beads in a petri dish containing 10 
ml. of nutrient solution (NH,NO,, 3.0g.; MgSO,: 
7H, 222¢:; RH PO, 25%5.; KPO, 22he:; 
distilled H,O, 1,000 ml.; pH approximately 6.4). 
If the wool was to be sterilized, the wetted strips were 
placed singly in dry test tubes and autoclaved 15 min- 
utes at 15 Ibs. pressure. The strips were inoculated 
with spore suspensions from cultures maintained on 
the above solution to which | percent peptone, 1 per- 
cent glucose, and 1.5 percent agar had been added. 
Cultures were incubated at 29°C. 

In the second method, 2-gram samples of the 
chopped wool fiber were weighed out into 250-ml. 
Florence flasks and 100 ml. of the above nutrient 
solution was added. The flask and contents were 
sterilized by autoclaving at 15 lbs. pressure for 5 
minutes. The flasks were than inoculated with spores 
which had been washed and suspended in distilled 
water, and were placed on a gyratory shaker in an 
incubator at 29°C. 

The method employed with bacteria consisted of 
placing a 3 X 1-in. strip of wool, previously extracted 
2 hours with tap water, in a test tube with the above 
nutrient solution adjusted to pH 7.1, autoclaving for 
7 minutes at 15 Ibs. steam pressure, inoculating with 
a suspension of the bacterium, and incubating at 
28°-30°C. 

Breaking-strength data were obtained on the con- 
ditioned cloth by means of a Scott tester. 


Observations 


Degradation of Wool Cloth by M. Gypseum in 
Surface Culture 


Wool strips were removed from cultures at vari- 
ous time intervals for microscopical study. By this 
method it was hoped to get a continuous picture of 
the degradation of the cloth. This did not prove 
leasible since after 2 days’ incubation, at which time 
ther would be a loss of about 30-40 percent in 
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breaking strength, fibers in various stages of degra- 
dation could be observed, as well as intact fibers. 
Hence all observations reported were made on se- 
verely degraded cloth which had been cultured about 
5 days and had only about 20 percent or less of its 
original breaking strength. Under the cultural con- 
ditions employed there is rather limited aerial my- 
celial growth. 

Scale cells were seen clearly on all fibers, even 
though the breaking strength of the cloth had de- 
creased to zero (Figures 5 and 6). Fibers from such 
a sample of cloth were mounted in chlorine water to 
see whether the properties of the epithelial cells had 
changed sufficiently to prevent the characteristic All- 
worden reaction. As Figure 1 shows, the scale cells 
swell in typical manner. This reaction has been 
discussed in detail by Hock and McMurdie [6]. 

Careful examination indicates the presence of 
hyphae within the fibers, although they cannot be 
seen clearly because of the density of the fibers. 
The presence of hyphae within the fibers is easily 
demonstrated, however, by mounting, in 10-percent 
sodium hydroxide. Under such conditions the wool 
fibers swell greatly, and the fungus becomes more 
clearly discernible (compare Figure 2 with Figure 
13). External hyphae are also evident in Figure 2. 
A striking demonstration of the relation of the hy- 
phae to the fibers in a cloth can be made by extrac- 
tion of the wool with boiling alkali. When intact 
wool is placed in boiling 10-percent sodium hy- 
droxide, complete solution of the wool is effected 
within a few minutes. If a wool strip incubated with 
M. gypseum is treated in this manner, the wool is 
completely dissolved, leaving the mycelium as a resi- 
due in approximately its original configuration. This 
residue maintains very clearly the original weave of 
the cloth (Figure 3). Microscopic examination 
shows that the hyphae are in rather compact strands, 
each strand assuming the size and shape of the wool 
fiber in which the hyphae had grown (Figure 4). 
Study of this material and of degraded fibers in vari- 
ous stages of swelling in alkali makes it obvious that 
the hyphae have grown within the wool fiber, form- 
ing a more or less compact bundle. The number of 
such hyphae within the fiber varies from a few to a 
large number which appears to be an almost solid 
mass. While this mat of mycelium resulting from 
alkaline extraction has very little strength, it will 
withstand careful washing, and can be transferred 
from one container to another. This technique is of 
value in determining the amount of mycelium in a 





Fig. 1. Scale cells on damaged fibers swollen in chlorine water. Fibers from cloth incubated 8 days with M. 
gypseum (535 X ). Fic. 2. Wool fiber swollen in 10% NaOH showing hyphae of M. gypseum (535 X). Fic. 
3. (a) Mycelial residue of M. gypseum grown on wool cloth after dissolving wool in boiling 10% NaOH (1 X). 
(b) Original wool cloth before inoculation (1X). Fic. 4. Hyphae of M. gypseum in wool fibers after the wool 
has been extracted with boiling NaOH (443 X). Fic. 5. Wool fibers degraded by M. gypseum and broken before 
drying, showing cortical cells protruding from broken surface (443 X). Fic. 6. Wool fiber degraded by M. 
gypseum and broken after drying. Note that broken end is similar to that of undamaged fiber (443 X). Fic. 7. 
Chopped whole wool fiber from 10-day-old culture of M. gypseum, showing loosening of cortical cells (468 X ) 





Fic. 8. Sheath of scale cells from chopped wool in 14-day-old culture of M. gypseum stained with Grams 
stain (999), Fic. 9. Scale cells and group of cortical cells from chopped wool in 14-day-old culture of M. 
gypseum stained with Gram’s stain (443 x). Fic. 10. Wool fiber from 7-day-old culture with Pseudomonas 
sp.. showing loosened scale cells and cortical cells separating (445 X). Fic. 11. Wool fiber (broken after dry- 
4) from 3-day-old culture with Pseudomonas sp. (445 X). Fic. 12. Undamaged wool showing scale cells and 
broken end of fiber (548 X). Fic. 13. Undamaged wool fiber swollen in 10% NaOH (535 X). Fic. 14. 


!! col inoculated with M. gypseum after 10 days’ culture showing loosened cortical cells (106 X). 








sample of degraded wool, when an appropriate cor- 
rection factor is applied to account for the solution 
of alkali-soluble materials in the mycelium. 
Additional confirmation of the presence of hyphae 
within the fibers can be obtained by growing the 
fungus on an agar plate containing a suspension of 
chopped wool. Hyphal strands can be seen pro- 
truding in abundance from the cut fiber ends. 
Interesting information concerning the effect of the 
fungus on the cortex of the fiber has been obtained 
by study of the broken ends of both degraded and in- 
tact fibers. If fibers are torn out of degraded cloth 
before it has become air-dry, the breaks are very 
jagged because of the protruding spindle-shaped cor- 
tical cells (Figure 5). Undamaged fibers break 
sharply (whether wet or dry) in a plane at right 
angles to the fiber axis (Figure 12). If the damaged 
cloth is allowed to become air-dry before the fibers 
are torn out, then the breaks appear more like those 
of undamaged wool (Figure 6). This phenomenon 
is reversible. After soaking in water the dried de- 
graded fibers break in the original jagged manner. 


2. Degradation of Wool by M. Gypseum in Shaker 
Cultures 


Experiments were carried out using chopped wool 
in shaker flasks to see whether or not the manner 
of degradation was similar to that in surface cultures. 
Microscopic examination of chopped fibers in such 
cultures shows that the scale cells disappear from 
many of the fibers within 3 to 7 days after inocula- 
tion (Figure 7). More detailed study shows that 
the scale cells are not dissolved in such cultures, but 
are loosened and rubbed off by the constant shaking. 
Thus, groups of epithelial cells are found suspended 
in the culture solution even after 14 days’ incubation 
(Figures 8 and 9). Loosening and separating of 
the cortical cells occurs (Figures 7 and 14). That 
actual digestion takes place when M. gypseum is 
grown upon wool is shown in Table I. 


3. Degradation of Wool by Pseudomonas sp. 


Degradation of wool by Pseudomonas sp. appears 
to be similar in all respects to that caused by the fungus 
M. gypseum, with the exception, of course, of pene- 
tration of the fiber by hyphae. Penetration of the 
fiber by bacteria has not been established. Figures 
10 and 11 show fibers degraded by the bacteria which 
have been broken in the wet and dry conditions, re- 


spectively. The scale cells of degraded fibers were 
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TABLE I. Dicestion By M. Gypseum or CHOPPED WOOL I 
( SHAKER CULTURES 





Period of Total Total Wool Wool 
incubation insolubles mycelium* remaining digested 
(days) (gm.) (gm.) (gm.) (%) 

0 1.89 0 1.89 0 
4 1.83 _ — — 
6 1.67 0.415 1.255 33.6 
8 1.51 0.415 1.095 42.1 
10 _ 0.415 — — 
12 1.33 0.4157 0.915 51.6 
14 1.28 0.396 0.884 53.2 


* 1.88 X weight of mycelium recovered after extraction of 
wool-mycelial mass with hot 10% NaOH = total mycelium. 
Tt Interpolated. 


found to display the Allworden reaction when placed 
in chlorine water. 


Discussion 

Preliminary results of a survey being conducted 
in this laboratory to determine the microorganisnis 
capable of attacking wool indicate that many organ- 
isms are capable of attacking wool which has been 
subjected to autoclaving (15 Ibs. steam pressure for 
15 minutes), but relatively few can degrade wool 
which has not been damaged by this type of steriliza- 
tion. It appears that the changes produced in wool 
by heating in steam increase the susceptibility to 
microbiological degradation. The organisms used 
in this study were selected because of their ability 
to grow on wool which has not been sterilized as well 
as on autoclaved wool. This is emphasized because 
most workers in this field have used wool which was 
sterilized by autoclaving. M. gypseuim is a pathogen 
belonging to a group of fungi known as the derma- 
tophytes, which produce superficial infection of the 
skin and hair. The dermatomycoses caused by this 
organism are tinea capitis and tinea favosa, more 
commonly known as “ringworm of the scalp” and 
“honeycomb ringworm,” respectively [2]. The abil- 
ity of M. gypseum, as well as of several other derma- 
tophytic fungi, to grow on wool has been demon- 
strated [16]. This is a matter of undetermined 
significance in the transmission of the diseases caused 
by these fungi. The importance of these organisms 
in the biological deterioration of raw wool, as well as 
of end items composed partially or entirely of wool, 
has not been evaluated. 


1. Scale Cells 


The observations reported here show clearly that 
while the scale cells are not dissolved by the fungus 
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J. gypseum or by the bacterium Pseudomonas sp., 
they are loosened from the cortical cells and are 
easily rubbed off. Reports in the literature are con- 
flicting on the ability of microorganisms to dissolve 
the scale cells. In a study of the action of different 
species of Trichophyton and other “ringworm fungi” 
on various animal hairs, Roberts |[11, 12] claimed 
that some digest only the cortex whereas others at- 
tack both the cuticle and the cortex. Since there was 
profuse growth of fungus around the outside of the 
hair in the latter instance, the possibility must be con- 
sidered that the scale cells were present but were not 
visible because of the mass of hyphae. Prindle [8] 
notes that several isolates of bacilli cause loss of 
scales. Similar observations for Bacillus subtilis are 
noted by Trotman and Sutton [14]. Burgess [1] 
states that the first stage in the degradation of wool 
by fungi or bacteria is the “dissolution and removal 
of the epithelial scales.” In von Bergen’s review 
[15] it is stated that bacteria break down the fiber 
scales, but no evidence or authority is cited. On the 
other hand, Race [9| claims that the scale cells are 
not dissolved by fungi but are merely loosened. Race 
observes further that wool fibers are “completely de- 
nuded of scales” in the bacterial degradation of 
woolen felts used in the paper pulp industry. He inti- 
mates that mechanical action could have been respon- 
sible for the complete removal of the loosened scales. 
Evaluation of all observations reporting solution of 
scale cells by microbiological action is not possible 
since the methods used are not given in detail. While 
it is possible that some microorganisms may secrete 
the enzyme or enzymes necessary for digestion of the 
scale cells, it would seem to the authors that this re- 
quires confirmation. Observations in this laboratory 
have shown that of 11 species of fungi representing 
10 genera * capable of degrading autoclaved wool 
none dissolve the scales. In addition, it should be 
noted that of 12 species of Bacillus + tested none 
were found to be capable of dissolving the scales. 

* Alternaria tenuis (PQMD 26a), Aspergillus fumigatus 
(PQOMD 45h, Chactomium funiculum (PQMD 33c), C. glo- 
bosum (PQMD 79g), Metarrhisium brunneum (PQMD 
191), Myrothecium verrucaria (PQMD 185), Fusarium 
moniliforme (PQMD 42ch), Memnoniella echinata (PQMD 
Ic), Microsporum gypseum (PQMD 196), Gliomastix con- 
voluta (PQMD 4c), Trichophyton sp. (PQMD 199). 

+ Bacillus megatherium (PQMD 780), B. cereus (PQMD 
826), B. cereus var. mycoides (PQMD 825), B. subtilis 
(PQMD 845), B. sphaericus (PQMD 891), B. brevis 
(POMD 842), B. firmus (PQMD 719), B. alvei (PQMD 
1006), B. sphaericus var. fusiformis (PQMD 784), B. poly- 


myxa (PQMD 995), B. circulans (PQMD 857), B. firmus 
=/\. circulans intermediate (PQMD 988). 


Zao 
In evaluating reports of the digestion of scale cells 
the possibility of variation in chemical composition 
of the cuticle in different types of wool must also be 
considered. It is possible that the cuticle of some 
wool is more easily digested than that of others. 
While no conclusive evidence showing complete 
solution of scale cells is available, several reports 
have demonstrated that a portion of the scale cells is 
dissolved. Hock and McMurdie [6] and Mercer and 
Rees [7] have shown, by means of the electron mi- 
croscope, that the outer portion of the scale cells is 
not resistant to enzymic or chemical action and is 
dissolved. 


Treatment with pepsin or trypsin dis- 
solves the outer layer, leaving a resistant inner layer. 
No evidence has been obtained, as yet, indicating 
whether or not the organisms used in this laboratory 


are capable of this partial digestion of the scale cells. 
Since ordinary proteolytic enzymes are capable of 
this effect, it would seem probable that the organisms 
used in this study have a similar action. Any de- 
struction of the scale cells was not great enough to 
prevent the Allworden reaction in chlorine water. 
Hock et al. [5] have shown that treatment with 
strong acid does not destroy the ability of the scale 
cells to undergo this reaction. 

The possibility that some organisms secrete an en- 
zyme capable of digesting the scale cells completely 
is indicated in the work of Reumuth [10]. Ina study 
of the digestion of wool by the clothes moth (Tincola 
biselliella), he claims that the scale cells are first 
loosened from the fibers and are found in the first 
part of the intestinal tract. During passage through 
the tract the scale cells appear to dissolve completely 
since they do not appear in the posterior portion. 
It would seem to the authors that this observation 
should be confirmed, since movements of the larva 
might break up the fragile scale cells beyond recog- 
nition. 

Summarizing these observations, it can be stated 
definitely that certain microorganisms which degrade 
wool do not dissolve the scale cells, while the evi- 
dence which indicates that solution does occur is in- 
adequate and needs confirmation. 


Intercellular Substance 


Before considering the relation of intercellular 
substance to the degradation of wool it should be em- 
phasized that this material has not been clearly char- 
acterized by chemical or histological methods. It 
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will be assumed here that an intercellular substance 
exists which cements the cortical cells together. 

It has been reported [3, 15] that bacteria hydrolyze 
and dissolve the intercellular substance during the 
degradation of wool. Geiger et al. [4] state that 
proteolytic enzymes, such as pepsin and chymotryp- 
sin, attack mechanically injured fibers in a manner 
which “suggests that an intercellular substance may 
have been digested.” 

The manner in which normal and degraded wool 
fibers break indicates changes in structure resulting 
from deterioration by microorganisms. When un- 
damaged fibers are broken, a clean, truncated break 
is observed. It must be inferred from this that the 
cortical cells are held together with a material having 
a tensile strength equal to or greater than that of 
the cortical cells. In other words, the strength of the 
fiber is limited by the strength of the cortical cells. 
When degraded fibers are broken before drying, a 
jagged break is noted which is caused by protruding 
cortical cells. The cortical cells do not break in this 
instance. The material cementing the cells together 
has been weakened so that the cells now separate 
when subjected to stress. The factor limiting fiber 
strength is now the intercellular substance. If the 
degraded fibers are allowed to dry before breaking, 
they break more like normal fibers but with decreased 
tensile strength. It would appear, then, that the in- 
tercellular substance has not been completely dis- 
solved and that the dried remnants of this material 
cement the fibers together again. If the dry de- 
graded fibers are soaked in water, the bonds between 
the cortical cells are loosened once more. The libera- 
tion of quantities of “intact” cortical cells in shaker 
cultures gives further evidence of the destruction of 
the intercellular substance. 

This behavior of degraded wool has an important 
bearing on the use of breaking-strength measure- 
ments for the determination of damage by micro- 
organisms. Degraded wool cloth, having a breaking 
strength approximating zero when still wet, will have 
a significant strength (about 10 percent of original) 
when allowed to dry before breaking. It can be pos- 
tulated that the “wet break” is a measure of damage 
to the intercellular substance. The “dry break” ap- 
pears to be a measure of the decrease in strength of 
the cortical cells and demonstrates that the weaken- 
ing of wool by the action of microorganisms cannot 
be ascribed solely to effects upon the intercellular 


substance. 
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Cortical Cells 


Perhaps the most obvious effect noted in the bio- 
logical degradation of wool fibers is the loosening anc 
separation of the cortical cells. This effect has been 
noted in this study and has been observed by others. 
The liberated cells appear in approximately their 
original size and shape. Portions of cells partially 
digested are not found. There can be little question, 
however, that a considerable portion of the cortical 
cells is digested by fungal action. Experiments con- 
ducted to demonstrate this, using shaker-flask cul- 
tures of M. gypseum with chopped autoclaved wool, 
have shown that as much as 50 percent of the wool 
was digested, as revealed by dry weight loss of the 
wool corrected for the dry weight of the included my- 
celium. In surface cultures with M. gypseum wool 
strips have lost 25 percent of their dry weight (cor- 
rected for included mycelium). The bulk of the wool 
fiber is comprised of cortical cells; therefore there 
can be no doubt that most of the material utilized in 
growth or rendered water-soluble has been obtained 
from the cortical cells. Since partially degraded cells 
are not observed, it appears that the outer layer of 
the cortical cell (that is, the layer corresponding to 
the protoplasmic membrane) is not digested. It can 
be inferred, therefore, that enzymes released by the 
fungus penetrate the cortical cells and break down 
their contents. The soluble products then diffuse out 
of the cells, where they are absorbed and utilized by 
the fungus or accumulate in the culture solution. 
The observations of Geiger et al. |4] should be noted 
here. These workers found that pepsin would break 
down mechanically damaged wool into cortical cells 
after several months, but the loss in weight was not 
great—being about 10 percent. 

It can be concluded that the breakdown of keratin 
within the cortical cells probably accounts for the 
weakening of the dried degraded fiber. 


4. Growth of Fungus Hyphae Within the Wool 
Fiber 


It has been shown in this study that the hyphae of 
M. gypseum grow within the wool fiber, growth be- 
ing parallel to the axis of the fiber. The manner of 
penetration has not been observed. Growth through 
the cortical cells has not been noted, although histo- 
logical methods are necessay to establish this point 


more definitely. It is inferred that entrance to the 


fiber is gained either through the ends of the fiber 
Since the cuticle 


or through breaks in the cuticle. 
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is not dissolved, it can be concluded that penetration 
does not occur through the intact cuticle.* The 
growth of fungi within the wool fiber does not appear 
to have been reported, although it is known that cer- 
tain fungi pathogenic to man grow inside the human 


hair [2]. 
Summary 


Observations of the action of M. gypseum and 
Pseudomonas sp. on the structure of the wool fiber 
have shown that the scale cells are not dissolved and 
that both the intercellular substance and the cortical 
cells are partially digested. The hyphae of the 
fungus, M. gypseum, penetrate the fiber where di- 
gestion occurs. From these observations on the 
structure of the wool fiber during microbiological 
degradation, it is concluded that: 

(1) Confirmatory evidence is required to estab- 
lish the claims of other workers that the scale cells 
are dissolved completely by microbiological action. 

(2) In studies employing breaking strength as a 
measure of microbiological degradation of wool, dis- 
tinction must be made between a “wet break’ and a 
“dry break.” It appears that the former is a meas- 
ure of damage to the intercellular substance, whereas 
the latter is determined by damage to the cortical 
cells. 
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The Sulfuric Acid Steep at Elevated Temperatures | | 
for Gray Cotton Fabrics 
t 
R. E. Hudson, Jr.,* and Howard M. Waddle* 
a 
Abstract s 
The literature dealing with the effect of sulfuric acid on the constituents of raw cotton fiber ' 
has been reviewed. The constituents of starch slasher mixes have been noted. 
The sulfuric acid steep has been studied at elevated temperatures in the laboratory. Under a 
carefully controlled conditions the sulfuric acid steep may be conducted at elevated temperatures W 
without fiber damage and with a considerable saving in time. 
pe 
dt 
se 
A GREAT DEAL of work has been published con- Percent of 
cerning the nature of the constituents of raw cotton en ae year pe 
fiber. In this paper the authors are not especially Celdelinns 94.0 re 
concerned with the nature of the individual con- Protein (N X 6.25) 1.3 ur 
stituents but rather with the collective water and wag substances “ th 
dilute acid solubility, the degrading effect of such a Wax 06 an 
treatment on the cellulose contained in the fiber, and Total sugars 0.3 to 
the effect of such a treatment on the absorbency of a — 
the final product. Nevertheless, a review of some of es x act 
the published work seems to be in order. It would appear that the hot hydrochloric acid treat- cat 
Aiuicls ie Ghee Sokvatere cn the atteck-of adil on ment would remove at least a part of all of the follow- po’ 
cellulose, particularly in textbooks on cellulose, deals ing constituents of the raw cotton : wa 
with the more or less complete conversion of it into Protein (N X 6.25) 1.3% zyl 
hydrocellulose and not with the full conversion of a — substances “ete do 
small fraction or a partial conversion of a major Teil seaers 06% 
fraction. Other 1.4% ves 
Matthews [10(a)] and Trotman and Thorpe McCall and Guthrie [8] found raw cotton fiber to ple 
[18(a)] discussed rather extensively the constitu- contain about 0.85 percent organic acids of which - 
ents of raw cotton fiber. about 0.5 percent was /-malic acid and 0.07 percent ~ 
Nickerson [13], in reviewing the literature with was citric acid. These acids probably occur as the ™ 
respect to raw cotton fiber, enumerated many of the — sodium, potassium, calcium, and magnesium salts. ‘el 
substances which occur in the categories listed by Work in this laboratory using A.S.T.M. D 334 ier 
Fargher, et al. [4], and numerous references were hydrochloric acid desize [1] over a period of 1 year = 
given describing the characterization of various con- (5-17-44 to 5-15-45) on raw cotton yarns has in- he 
stituents. dicated a size removal of 2.5 to 4.25 percent—aver- ae 
Guthrie, Hoffpauir, Steiner, and Stansbury [6] age, 3.33 percent—on the bone-dry basis. th 
have listed the composition of typical mature cotton Seydel [16] has extensively reviewed the con- bi 
fiber as follows: stituents of warp sizing. The woven raw fabric may ales 
—____— also contain warp size which usually consists of : 
* Research Division, West Point Manufacturing Company, § ————— eral 
+ Moisture about 8 percent regain. prec: 
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starch, gum, fat, or fat derivatives (sulfonates), and 


a trace of preservative. 

The tendering action of acid on cellulose is well 
known [5, 7, 9, 11, 14]. Marsh and Wood [9] re- 
ported that when cotton was treated with 1-percent 
mineral acid solution followed by drying and storage 
at room temperature, the formation of hydrocellulose 
took several months; yet, if the treated sample was 
dried and held at 60°-70°C, conversion to hydro- 
cellulose was complete in a few hours. In very dilute 
acid solution, the degradation of cellulose occurs 
slowly, with very little loss in strength or increase in 
fluidity in a reasonable treatment time. 

Trotman and Thorpe [18()]| discussed steeping 
and pointed out the value of soaking the fabric in 
warm dilute hydrochloric acid to remove the ash. 

Matthews [10(b)] quoted Thies as recommending 
padding 1-percent sulfuric acid and 0.05-percent hy- 
drofluoric acid on the goods, steaming for 20-60 
seconds, and neutralizing in alkali. 

Merrill, Macormac, and Mauersberger [12] 
pointed out that the sulfuric acid desize method was 
relatively inexpensive, that temperature control was 
unnecessary, that only 4 to 12 hours were required, 
the disadvantage being that it decomposed some oils 
and softeners used in warp sizing so that they clung 
to cloth tenaciously. 

Radley [15] pointed out the greater hydrolytic 
action of hydrogen ions (as from acids) through 
catalysis than of water on starch sizes. He further 
pointed out (from work in the literature) that starch 
was removed completely from textile fibers by en- 
zyme methods. (In commercial practice, enzymes 
do not completely remove starch sizes.) 

Fargher, Hart, and Probert [4] extensively in- 
vestigated the steeping process for a variety of sam- 
ples of raw cotton yarn, employing water and cold 
dilute mineral acids. Attention was devoted more to 
the total amount of material removed than to the in- 
Nevertheless, some 
were reported by class. The work indicated that the 
loss in weight for American cottons was between 2 
and 3 percent during treatment with cold dilute min- 
eral acids. When water was used the losses were 
generally slightly lower than when acids were em- 
In both cases they increased slowly as the 
It was also 


dividual constituents. losses 


ployed. 
temperature of treatment was raised. 
concluded that the removal from cotton of the con- 
stituents which were soluble in water and dilute min- 
eral acids prior to the (caustic) scour yielded an ap- 
preciably better final result in that the elimination of 
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fat and wax was more complete, the methylene blue 
absorption was significantly lower, and the “white” 
was superior. 


General Method of Treatment 


A crash-type toweling in the gray was used in all 
experimental work. This toweling was very limp 
when wetted, indicating a reasonably loose construc- 
tion and ready penetrability of treating solutions. 

Samples of the test gray cotton fabric were cut ap- 
proximately 4 by 8 inches. The test solutions were 
prepared, heated, and maintained in the water bath 
at the proper temperature. The samples were in- 
troduced, agitated until thoroughly wetted, and oc- 
casionally stirred during treatment. Then they were 
removed, rinsed in cool tap water, neutralized in di- 
lute ammonium hydroxide, rinsed in cool tap water, 
and hung up to air-dry overnight. Appropriate tests 
were then conducted. 

When samples were subjected to silicate-buffered 
hydrogen peroxide treatment, they were placed about 
2 feet down in a kier load of cotton fabric and given 
a commercial peroxide bleach treatment of adequate 


strength to develop a good white. 


Methods of Testing 


In evaluating the treatments reported in this work, 
the following analytical methods were used. 

The fiber damage incurred in treatment was de- 
termined by means of the A.S.T.M. [2] cupram- 
monium hydroxide fluidity determination. 

A modified technique employing cupriethylene- 
diamine as the dispersant, as developed by Levy and 
Strauss [17] was used for some samples. Results 
were expressed in standard rhes as_ recognized 
throughout the textile industry. 

In some cases the fluidity determinations were 
made on the samples after only a hydrochloric acid 
desize. In other cases an enzyme desize was given. 
There was no assurance in either case that all mat- 
ter other than cellulose was removed. The important 
point is that all samples within a series were uni- 
formly desized so that a comparison within a series 
could be made. 

The effect of material, other than cellulose, left on 
the fiber in fluidity determinations is noted in er- 
roneous higher cellulose fluidities caused by weighing 
less cellulose (and more material of unknown molec- 
ular weight, solubility, and dispersive properties). 

The total size was determined by the A.S.T.M. 
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TABLE I. Errect oF TIME OF SULFURIC ACID 
STEEP ON FLUIDITY AND DEsIZE EFFICIENCY 








Treatment time 


2 hrs. 4 hrs. 
Desize efficiency 66.7% 69.7% 
Fluidity (as treated) 8.9 rhes 9.5 rhes 
Fluidity (after treatment and 5.5 rhes 5.8 rhes 
hydrochloric desize*) 
Original (as received) 7.3 rhes 7.3 rhes 
4.0 rhes 4.0 rhes 


Original (after enzyme desize) 





* \.S.T.M. Designation: D 334-40—hydrochloric acid de- 


size method. 
Note: Fluidities were determined using A.S.T.M. D 539 


method. 


D 629 |3]| desize method employing successive treat- 
ments with carbon tetrachloride, amylolytic enzyme, 
and boiling distilled water. In some cases the total 
size removed was determined by the A.S.T.M. [1] 
hydrochloric acid desize method. In the tabulations 
notation has been made where this method was used. 
In all cases results were expressed in terms of bone- 
dry original material. 

The absorbency test used was a modified wick-up 
test in which the vertical capillary rise in a sample of 
a solution of 0.25-percent eosin in distilled water dur- 
ing an interval of 5 minutes was measured and re- 
ported in inches of rise. 

In general, an absorbency of 3 or more inches by 
the above method is considered to be a satisfactory 
absorbency for well-scoured fabric (towels). 

A fluidity of 10 rhes or less is considered to be 
acceptable for well-scoured and fully bleached cotton 
fabrics. A higher fluidity is generally an indication 
of excessive damage to the cellulose. 

It must be remembered that size may vary from 
sample to sample and from yarn to yarn so that a pre- 
cise analytical interpretation is out of the question. 
Every effort was made to minimize variation by con- 
ducting a group of tests on a single piece of the test 
fabric. It is to be expected that considerable varia- 
tion may occur within a single sample. 

In this report no differentiation has been made be- 
tween natural size and warp size. Hence, where the 
word “size” is used, reference is made to the con- 
stituents of the raw fabric which were removable by 
the analytical methods used. 

Data covering the removal of “size” have been re- 
ported by means of a calculated “desize efficiency” in 
Desize effi- 


lieu of residual size or size removed. 





TABLE I]. Errect oF TEMPERATURE, TIME, AND 
CONCENTRATION OF SULFURIC ACID ON FLUIDITY 
AND DEsIZE EFFICIENCY 


Treatment Desize 
Acid strength time Fluidity efficiency 
(sulfuric acid) (min.) (rhes) 
Series 1. Temperature 27°C 
0.1% 10 4.7 42.9 
0.5% 10 4.4 47.8 
1.0% 10 4.3 46.0 
0.1% 60 4.3 51.1 
0.5% 60 4.3 40.0 
1.0% 60 4.6 34.1 
0.1% 120 4.6 51.6 
0.5% 120 4.3 42.3 
1.0% 120 4.9 44.2 
0.1% 180 4.8 43.3 
0.5% 180 4.9 46.6 
1.0% 180 6.6 48.1 
Series 2. Temperature 50°C 
0.1% 10 4.8 50.3 
0.5% 10 4.8 48.9 
1.0% 10 5.1 44.1 
0.1% 60 5.6 47.0 
0.5% 60 7.5 53.4 
1.0% 60 6.7 41.8 
0.1% 120 6.6 67.4 
0.5% 120 8.7 65.5 
1.0% 120 8.6 62.2 
0.1% 180 8.6 66.6 
0.5% 180 5.4 65.3 
1.0% 180 7.8 73.5 
Series 3. ‘Temperature 60°C 
0.1% 10 4.9 65.3 
0.5% 10 5.5 58.7 
1.0% 10 5.9 51.8 
0.1% 60 5.0 68.0 
0.5% 60 6.9 75.6 
1.0% 60 7.5 68.2 
0.1% 120 5.9 63.7 
0.5% 120 8.4 77.2 
1.0% 120 9.5 69.2 
0.1% 180 6.4 59.8 
0.5% 180 10.9 66.8 
1.0% 180 11.4 69.4 
Series 4. Temperature 80°C 
0.1% 10 6.9 82.2 
0.5% 10 11.0 90.8 
1.0% 10 7.6 60.6 
0.1% 60 7.6 72.7 
0.5% 60 7.5 82.8 
1.0% 60 17.1 75.6 
0.1% 120 9.8 76.8 
0.5% 120 23.7 90.8 
1.0% 120 25.7 85.4 
0.1% 240 13.0 83.0 
0.5% 240 29.0 3.2 
1.0% 240 31.2 84.8 





Note: All desizes were conducted by A.S.T.M. Designation: 
D 629-42 (Soxhlet extraction, enzyme, distilled water). De- 
sizes were conducted on samples before determining fluidity. 
Fluidities were determined using modified cupriethylene- 
diamine method. 
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EFFECT OF TIME OF TREATMENT ON FLUIDITY AND DEsIZE EFFICIENCY 
UsINnG WATER AND SULFURIC ACID 


TABLE III. 


Distilled-water 
treatment 
Desize 

efficiency} 


Time 
(min.) Fluidity* 
5 7.3 33.9 
10 7.6 45.4 
15 8.0 a 
30 8.3 6.1 


* Fluidity determination made without benefit of desize. 
+ A.S.T.M. Designation: D 334 hydrochloric acid desize. 


0.1% 0.5 


6. 
6. 
a 


ciency as used in this report was calculated by means 
of the following equation: 


Weight of size removed 


— —— X 100= desize efficiency. 
Weight of original size : 





The amount of size found in a control sample was 
used as the original amount for all samples treated 
within a single series of treatments. While this 
method may be questionable, results may be ex- 
pressed on a common basis in a precise form. 


Experimental Procedure 


A commercial sulfuric acid steep may consist of 
the following steps: 


Pad on 1% sulfuric acid cold (room tempera- 
ture) to give 100% pickup. 

Pile and steep for 2-4 hours. 

Run through washer to remove acid and soluble 
material and pass into kier. 


In order to determine the removal to be expected 
by this treatment, samples were treated in a bath of 
l-percent sulfuric acid at room temperature for 2 
and + hours. The data collected are presented in 
Table I. 

In order to examine the variables of time, tempera- 
ture, and strength in the treatment of fabric samples 
with dilute sulfuric acid with respect to removal and 
fiber damage, a series of treatments was conducted. 
The results are presented in Table II. 

Desize efficiencies recorded were more erratic than 
should be expected for a single piece of fabric. In 
general, higher temperatures and longer treatments 
favored higher desize efficiencies. Unfortunately, 
higher temperatures and longer treatments also 
favored higher fluidities. For a shorter treatment 
time and temperatures up to 60°C fluidities were not 


excessive. 


Sulfuric acid treatment 
Fluidity* 


% 





Sulfuric acid treatment 
(followed by peroxide bleach) 
Fluidity* 

0.1% 0.5% 1.0% 
3.74 ata 3.6 
4.01 3.97 3.9 
4.22 4.13 4.19 


1.0% 
7.1 
7.8 
8.1 
8.6 





In order to examine an apparently feasible upper 
temperature limit more closely, samples were treated 
at 60°C for intervals up to 30 minutes in distilled 
water, dilute sulfuric acid, and dilute sulfuric acid 
followed by a silicate-buffered 0.2-percent hydrogen 
peroxide bleach for 4 hours. The samples were 
then tested. Results are presented in Table ITI. 

The fluidity of the final bleached fabric was very 
low, indicating more or less complete desize and no 
excessive acid damage to the cellulose, despite the 
higher fluidity values recorded for the pretreatment 
in which no complete desize was first obtained. The 
progressively higher fluidities recorded after pre- 
treatment despite more complete desize may be a 
measure of the degradation of the residual starch 
size not removed in the treatment. Another explana- 
tion of the low final fluidity is the removal by the 
alkaline bleach liquor of the acid-degraded cellulose 
to leave essentially undegraded cellulose. 

In order to study the effect of the variables of time, 
temperature, and strength of sulfuric acid on the 
final absorbency of conventional peroxide-bleached 
fabrics, samples were treated with distilled water and 
various strengths of sulfuric acid, followed by con- 
ventional peroxide bleach treatments. 

After the sulfuric acid treatment, only those sam- 
ples treated at 95°C exhibited absorbency. After the 
conventional peroxide bleach treatment, absorben- 
cies were essentially the same for all sulfuric acid pre- 
treatments, including distilled-water pretreatment. 
Thus no quantitative difference in final absorbency 
was found by reason of the pretreatment variables 
explored. 


Conclusions 


In this investigation the sulfuric acid steep was 
studied at elevated temperatures. It was not in- 
tended to exhaustively explore all phases. Sufficient 
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work was done to show that the sulfuric acid steep 
may under controlled conditions be conducted at 
elevated temperatures without fiber damage, with a 
reasonable desize efficiency, and with a considerable 
saving in processing time. No comparison was made 
with other pretreatment methods. 

Regardless of the agent used, the pretreatment 
is definitely beneficial to the over-all scouring and 
bleaching operations. Removal of the water-soluble 
materials will promote scouring and bleaching effi- 
ciency since some portion of the scouring and bleach- 
ing agents would be required to react with these ma- 
terials. Thorough wetting-out and better kier circu- 
lation would result from the pretreatment. 
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Compressional Behavior of Textile Materials 


II. Measurement of Compressional Stress Relaxation at Constant 
Deformation* 


Rogers B. Finch7{ 


Abstract 


The description of an instrument to measure compressional stress-relaxation characteristics 
of textile materials at a constant compression, utilizing the sensitive response characteristics of 


a resistance-wire strain-gage cantilever weighbar, is given. 
eter in conjunction with the strain gages in a D.C. Wheatstone bridge. 


It employs a deflection galvanom- 
Compression is applied 


instantaneously to the specimen and the semilog rate of stress relaxation is determined as a 
characteristic parameter of the behavior of the textile material. 


A. Limitations on the Description of 
Compressional Behavior 


In a previous paper [2] the author stated that com- 
pressional rate deformation processes of textile ma- 
terials could best be determined when the behavior 
of the material is as nearly as possible independent of 
the deformation mechanism imposed by the measur- 
ing instrument. It has been noted by Leaderman [6] 
and others [1, 7] that the measurement of stress re- 
laxation in a high-polymeric material at constant 
deformation defines a much more fundamental char- 
acteristic of the nature of the material. Eyring [1] 
has indicated that this rate process may be described 
in terms of a viscoelastic model employing at least 
three elements, provided the observed material is 
subjected only to pure tension or compression. Then 
the constants derived from the solution of the dif- 
ferential equations governing the behavior of the 
mechanical model may be related directly to the 
physical nature of the material itself. This is, fur- 
thermore, true only when the material is a synthetic 
fiber uncomplicated by the presence of degrees of 
structure above those of the micellar and intermicellar 
regions. A further limitation of application lies in the 
presence of two-(or more) phase behavior of the rub- 
berlike fibers such as nylon and wool, whereas the 
model referred to was developed for single-phase 
behavior. However, this latter case, which has been 


Performed under the direction of Prof. E. R. Schwarz, 
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considered by Halsey [3], has the limitations referred 
to above. 

Fibers of natural origin or those which have molec- 
ular associations of a degree higher than micellar, 
such as fibrillar, cellular, or helical, present a more 
complex problem. Such models may still be used 
to describe certain behavior but the constants thus 
determined bear little relationship to actual molecular 
processes unless modified for the geometrical form 
factors of structure existing in these fibers. The con- 
stants derived from such models can, then, be used 
only empirically in describing the mechanical be- 
havior of the fiber. Thus, the mechanical model be- 
comes just that—an empirical analog of the mechani- 
cal behavior of a fiber—until it can be related to the 
kinetics of the fiber structure down to the molecule 
itself. 

The deformation of fibrous masses involves fur- 
ther geometrical modification of the fiber molecular 
kinetic processes in that the individual fibers are 
placed in bending, in torsion, and in axial tension or 
compression through the exertion of transverse com- 
pressive stresses or tangential shear stresses by the 
neighboring fibers. The gross effect of such a fibrous 
mass placed in compression is, however, viscoelastic 
Thus, it will ex- 
hibit multi-phase viscoelastic behavior, where the 


to a more or less complex degree. 


phase portion of the behavior of such fibrous masses 
is of interest not for any of the molecular kinetic 
constants but rather for the purpose of providing for 
comparative evaluation of the engineering properties 
of various types of fibers or modifications of a single 
type of fiber, uncomplicated by the infinite variety of 
geometrical combinations of these fibers which might 
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be obtained by forming them into yarn and then into 
fabric. 


B. Stress Relaxation 


It has been stated that the stress-relaxation char- 
acter of a material is of engineering interest inasmuch 
as it defines much of the behavior of a material with- 
out imposition of the characteristics of the measur- 
ing instrument upon the true behavior of the ma- 
terial. Meyer |8] has stated that a fairly simple re- 
lationship exists between the deformation and the 
rate of stress relaxation, thereby providing a simple 
parameter to describe the behavior of any material 
under such conditions. Leaderman [6] has sug- 
gested that a working approximation of such be- 
havior may be made in the use of a semilog rate of 
relaxation. Eyring [1] has derived an expression 
for stress relaxation from his three-element model 
which is sigmoidal in character and for rayon shows 
a distinctly linear region after the first few minutes 
and short of half an hour, after which it slowly be- 
comes asymptotic. Similarly, it can be shown from 
Halsey’s model [3], although he did not actually de- 
rive it, that a linear approximation for this region is 
also valid. If Halsey’s differential equation is de- 
rived for stress relaxation, it is found that the dif- 
ferential form for the relaxation of stress at constant 
deformation with time is the most convenient but 
that it may not be exactly integrated. When ex- 
pressed as a constant semilog rate of change of force 
with time, it is found that the observed rate is pro- 
portional to the constant of the model which relates 
inversely to the absolute temperature and directly to 
the volume of the flow hole. This would seem to in- 
dicate that the rate of relaxation is independent of 
the geometrical structure under observation. 

In the absence of a full investigation of this inde- 
pendence of the approximated stress-relaxation rate 
of the geometrical structure of the material, it was 
felt that investigation of the rate on a uniform mass 
would eliminate the possibility that geometrical 
modification might be appreciable. From theoretical 
considerations, this rate is dependent upon the abso- 
lute temperature and the volume of the molecular 
flow hole, a quantity which varies with the relative 
humidity. Inasmuch as the rate of relaxation is 
related inversely to the absolute temperature, it is 
to be expected that it would take fairly large changes 
in the temperature of the experimental conditions to 
produce a discernible change in the relaxation rate. 
On the other hand, this rate is directly proportional 
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Photograph of the compression load-relaxa- 
tion apparatus showing the compression unit on the left 
and the control and indicating unit on the right. 


to the volume of the flow hole. The forces thus act- 
ing are dependent upon the amount of water present 
in the form of combined water produced by equilib- 
rium with the relative humidity during the test time. 
The forces act in three dimensions and may, there- 
fore, be considered to affect the volume of the flow 
hole as the cube of the relative humidity. In the final 
analysis, therefore, the experimental conditions must 
be such that the temperature would be under nominal 
control but the relative humidity would be under ex- 
tremely exacting control if reproducible rates are to 
be obtained. Only then may the experimental rates 
thus obtained be comparable from material to ma- 
terial. 


C. Measurement of Stress Relaxation 


As has been stated in a previous paper [2], the 
measurement of stress relaxation may be made with 
the instrument described above but, for this purpose, 
the instrument is prohibitively complex. . This is 
particularly true if an individual laboratory is inter- 
ested in using this parameter for industrial compari- 
son of materials. It was felt, therefore, that for the 
simple investigation of the behavior of bulk fiber and 
fabrics a much simpler instrument could be devised 
without sacrificing materially the ability of the orig- 
inal instrument to meet the general requirements of 
a research instrument previously described [2]. 

The instrument itself consists of two units: the 
compression mechanism and the recording mecha- 


nism. 


1. The Compression Mechanism 


The compression unit is used for deforming the 
specimen in some desired manner and recording the 
force transmitted through the specimen as time pro- 
gresses. The principle of design of the compression 
unit is indicated in Figure 1. It consists, first o/ all, 
of an upper head which is rigidly guided in the 





pl 


cuy 


pin 





APRIL, 1948 


frame of the instrument and which is adjustable by 
hand to any desired position relative to the lower 
head. This is controlled by an adjustable stop which 
allows this position to be returned to when desired. 
The deforming foot, which is circular, is 2 square 
inches in area. 

This type of upper head provides a means for com- 
pressing a specimen practically instantaneously to a 
predetermined value of deformation and allowing 
stress relaxation to take place at this deformation. 
The instantaneous deformation feature is necessary 
in order to eliminate alteration of the stress-relaxa- 
tion rate due to previous deformation history. The 
separation of upper and lower heads is, at present, 
measured by use of a depth gage or steel scale but 
this measurement may be made more easily by incor- 
poration of a steel scale fastened to the unit frame or 
a dial gage which may be swung in or out of the 
upper head. 

The specimen to be tested is placed in an aluminum 
cup, which is 2% inches in diameter, has a depth of 
114 inches, and weighs about 50 g. The cup has a 
pin projecting from its lower surface which allows it 


A B 


MA 


C 


Fic. 2. Circuit diagram of the recording system. 
A—coarse adjustment for sensitivity, B—fine adjust- 
for sensitivity, C—coarse adjustment for sero set, 
D—jine adjustment for sero set, MA—wmilliammeter, G 
—ga'vanometer, and S—strain gages mounted on canti- 
leve weighbar. 
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to be centered in the hole placed in the lower or 
recording head. The deformed specimen transmits 
a force to the lower head, causing it to deflect less 
than a thousandth of an inch, thus making a deflec- 
tion which may be considered negligible relative to 
the deformation of the specimen. This lower head 
consists of a cantilever-type weighbar [4] to which 
are cemented resistance-wire strain gages. Although 
the motion of the lower head, and hence of the end 
of the cantilever weighbar, is extremely small, it is 
sufficient to cause measurable changes in the resist- 
ance of the strain gages. This change in resistance 
is linear with the load applied to the lower head in 
accordance with the design of the cantilever and the 
placement of the gages. 


The Recording Mechanism 


The unit, pictured in Figure 1 with the compres- 
sion unit, is used to transform the deflection of the 
cantilever weighbar into a load indication which may 
be recorded as time progresses. As indicated sche- 
matically in Figure 2, the strain gages are connected 
in the form of a direct-current Wheatstone bridge 
[4]. The output of this bridge is connected directly 
to a galvanometer of the Rubicon rotating mirror- 
and-scale type. It is used in this circuit as a deflec- 
tion-galvanometer so that its scale may be calibrated 
directly in force units. 


Preparation for the Conduct of a Test 


One of the most important considerations in a test 
of this kind is the preparation of the test specimen. 
The apparatus is extremely sensitive to changes in 
the state of aggregation of the material used. For 
example, if the fiber mass consists partially of matted 
and partially of loose fiber, the relaxation rate will 
be a reflection of both of these conditions. In fact, 
there is sometimes a break in the curve where one 
phase becomes dominant over the other. It is nec- 
essary, therefore, to have the fibrous mass as homo- 
geneous throughout as is possible. This may be ac- 
complished either by opening the material on a 
power-driven laboratory-type card or by opening it 
with hand cards. Either method is satisfactory, the 
former being more conducive to obtaining a large 
sample from which the test specimens may be selected. 

From this carded sample, a 24%-gram specimen 
is selected. This amount appears to be convenient 
for use on this apparatus, with the dimensions given. 
It is placed in the cup and packed down only enough 
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to prevent fiber from overlapping the edges of the 
cup. Before placing the cup on the cantilever, it is 
necessary to balance the Wheatstone bridge and cal- 
ibrate the galvanometer. The lower or power switch 
is first turned on and the coarse adjustment just be- 
low and to the left of the milliammeter is turned un- 
til the meter reads about 6.4 ma. This gage current 
is permitted to flow for about an hour in order to 
allow stabilization, both thermal and electrical, of 
the bridge. With the galvanometer in the ouT-posi- 
tion, the scale is adjusted to the mechanical zero. 
With the galvanometer in the 1N-position, the elec- 
trical zero is placed on the scale by use of the lower 
coarse and fine adjustments. If the batteries are at 
full strength, a change in the galvanometer revers- 
ing switch should make no change in the position of 
The 


weight is now centered on the cantilever and the 


the electrical zero. 1,000-gram_ calibrating 
galvanometer is set at a scale reading of 5 cm. by 
adjustment of the coarse and fine knobs directly un- 
der the meter. This changes the sensitivity of the 
bridge by altering the current through the two paths 
but makes no changes in the zero position. After 
removal of the calibrating weight, the cup and speci- 
men are placed on the cantilever and centered. Once 
again, the galvanometer is adjusted to zero to com- 
pensate for the weight of the cup and its contents. 
This makes no change in the scale calibration, as it is 
linear in the range used for these tests. 

The adjustable stop is set at a value which, for 
the material under investigation, will cause the gal- 
vanometer scale to reach a value of about 5 cm., in 
order not to exceed the linearity of the system and 
yet maintain maximum sensitivity. In making an 
actual test, the upper head is depressed into the spec- 
imen as rapidly as possible and locked in the pre- 
determined position. The timer is started simultane- 
ously and the galvanometer is observed. The gal- 
vanometer swings from zero slowly up to a maximum 
and then starts back down the scale in conformance 
with the load-relaxation. This initial condition arises 
because the galvanometer has a relatively high in- 
ertia and is critically damped. It must be realized, 
therefore, that the indication up to the point where 
it reverses direction and starts back down the scale is 
not a specimen phenomenon but rather an instrument 
one. This can be seen more clearly when some of 
the load-relaxation results obtained previously [2] 
are examined where the curves have been obtained 
indicate 


by a high-speed recorder. These curves 
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that the load proceeds elastically to some high in- 
stantaneous value and then rapidly relaxes visco- 
elastically in the first few seconds. The galvanometer 
of this apparatus misses this portion of the diagrain. 
It takes about 20 seconds, on the average, for the re- 
versal to take place. At this time, relaxation takes 
place sufficiently slowly for the galvanometer to foI- 
It is valid, therefore, to record the galvanom- 
eter reading only after it has started back down the 
scale. This must be considered when the galvanom- 
eter readings are plotted against time, as indicated 
in the next section. 


low. 


After this reversal point has been reached, read- 
ings should be taken as often as possible for the first 
3 minutes and then at 2-minute intervals thereaiter 
for a period of 20 minutes. After this time, the load 
values have become relatively asymptotic and further 
long-time changes are likely to be affected by drift 
in the recording apparatus unless the circuit has been 
carefully designed for stability and the surrounding 
atmosphere is under close temperature and, espe- 
cially, relative humidity control. 

These data 
against the log of time, inasmuch as the phenomenon 
is approximately semilogarithmic in nature. If it is 
desired to use this method to investigate some of the 


are then most conveniently plotted 


more fundamental properties of materials, it will be 
necessary to use a more elaborate recording mecha- 
nism of the high-speed type previously described |2]. 
This, however, defeats the purpose of the instrument 
described here, which is to provide a simple and con- 
venient method for transcribing some parameters of 
the behavior of fibrous materials into their corre- 
sponding engineering parameters for industrial ap- 
plication. 
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Load-relaxation curve of a compressed 


specimen of bulk fiber. 


Fic. 3. 
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TABLE I. Least-SQUARES PARAMETERS FOR STRESS RELAXATION OF CoTTON, VISCOSE, AND WooL FIBER 


Cotton 
bin pounds 0’ in percent 
a in per log per log ain 
pounds seconds seconds pounds 


4.60 —0.359 — 7.80 5.95 
4.25 —0.301 —7.10 3.60 
4.19 — 0.360 — 8.59 8.82 
4.04 —0.233 —5.77 4.21 
4.01 —0.256 — 6.38 6.44 
3.36 —0.301 — 8.96 6.51 
3.58 —0.315 — 8.80 6.57 
3.99 —0.261 —6.54 8.71 
3.39 — 0.283 —8.35 7.56 
S343 — 0.326 — 8.74 

Mean —7.70 


D. Interpretation of Test Results 


Consider, for example, the problem of comparing 
the stress relaxation rates of wool, viscose rayon, 
and cotton. The samples used in this investigation 
were selected at random and therefore can be con- 
sidered only as a medium for illustrating the method 
of approach described in this paper. Ten well-carded 
specimens from each sample were selected for test 
and were tested as described previously at an upper 
and lower head difference of % inch. This value was 
taken since it caused the three samples to give a 
maximum galvanometer reading in the neighbor- 
hood of 5 cm. and provided for a reference constant 
for the samples. The effect of changing this setting 
has not been investigated, but if it is desired to in- 
vestigate more thoroughly the characteristics of a 


IN GRAMS 


LOAD 


10 100 1000 

LOG CTime in seconds) 
Fic. 4. Load-relaxation curve of the same com- 
d specimen of bulk fiber as in Figure 3, replotted 
a logarithmic time scale to indicate the effect of 
ertia of the galzvanometer in the initial portion of 
rve and the subsequent linearity within the region 
ned. 


Wool 
bin pounds 0)’ in percent 
per log 
seconds 
—0.539 
—0.327 
—0.841 
—0.257 
— 0.606 
— 0.584 
— 0.596 
—0.775 
— 0.633 
—0.581 
Mean 





Viscose 
bin pounds 06’ in percent 

per log per log 
seconds seconds 
—0.198 — 5.28 
—0.144 —4.95 
—0.161 —5.37 
—0.104 —2.61 
—0.165 —4.16 
—0.199 — 3.80 
— 0.167 — 3.58 
—0.201 — 4.53 
—0.241 —4.88 
— 0.183 —4.55 

Mean —4.73 


per log a in 
seconds pounds 


—9.06 3285 
—9.08 2.91 
—9.54 3.00 
—6.10 3.99 
—9.41 3.97 
— 8.97 5.25 
—9.07 4.67 
— 8.90 4.44 
—8.37 4.94 
— 8.98 4.02 
—8.75 


particular material this factor should be added to the 
variables under investigation. 

Figure 3 shows the complete curve in rectangular 
coordinates of one of the viscose specimens. The 
semilog character of this curve, with the exception 
of the initial part of the curve, can readily be seen. 
As a test of this character, the data have been re- 
plotted in Figure 4 with the ordinate.as the load in 
grams on the specimen and the abscissa as the loga- 
rithm of time in seconds. After about 20 seconds, 
it can be seen that the relationship is essentially 
linear and that a least-squares |9| straight line may 
be fitted to these data as an excellent approximation. 
The line may then be defined by the familiar and 
simple linear relationship 


y=atb log t, 


where y is the load in grams, a is the load intercept at 
t = 1 second, b is the slope of the line, and ¢ is time 
in seconds. The absolute value of a has no theoreti- 
cal meaning, as the galvanometer would not respond 
to the region below 20 seconds. It serves, however. 
as a convenient reference point for the expression of 
the equation of the linear portion of the curve. 

In order to provide the best representation of the 


data for each specimen for each material, the least- 


squares method was applied to all data and the values 


of a and b were computed. A tabulation of these 
values is given in Table I. It is evident from the table 
that the value of > is dependent upon the value of a, 
a value which is in turn dependent upon the way the 
opened fiber is initially packed in the cup. This 
could be an important factor because it is directly de- 
pendent upon the technique of the instrument opera- 
tor, provided it is not possible to eliminate this effect. 
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“¢” computed are an indication of the degree of 
difference. 

Having finally proved that the mean b’ values are 
truly different and that real performance differences 
exist among the three materials, it is then possible 
to take the mean b’ (b’) values for each of the mate- 
rials given in Table I as characteristic parameters 
of their stress-relaxation rates. It is to be expected 
that the b’ values of cotton and viscose would be of 
the same order of magnitude inasmuch as both are 
cellulosic fibers but differ slightly owing to internal 
structural differences. They both differ from the 
value for wool, however. 
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TABLE II. CorreELATION BETWEEN THE INITIAL 
LOAD AND THE RATE OF STRESS RELAXATION 


p” in percent 


Cotton 3.6 
Viscose 2.0 


Wool 18.5 





If the percent change in load irom the value a is de- 
termined, then the slope of such a line should tend to 
eliminate some, if not all, of this effect. Conse- 
quently, the new relationship may be given by 


y= (v)100 _ 100 + (b) (100) (log ¢) 


a a 





or 


y = 100 + D’ log f¢, 


where y’ is the percent of the 1-second load a at time 
t and b’ is the slope of this line. The results of such 
a conversion are given in Table I. In order to de- 
termine the amount of possible relationship left be- 
tween g and b’, a coefficient of correlation [5] was 
determined for each of the materials. Hoel [5] 
states that the square of the coefficient of correlation 
expressed in percent is a good parameter for giving 
the amount of interdependence of two variables, if 
there is a physical basis for such a_ relationship. 
Here it is the purpose to disprove such a relation- 
ship, a use for which the correlation coefficient is 
well adapted. It can be seen from Table II that the 
values of the percentages are extremely small and 
that there is, therefore, no relationship between the 
initial load and the percentage rate of relaxation. 
This may be considered even more certain when it is 
realized that the other factors entering into the vari- 
ability of both a and b are purely random. 

It can be seen from Table I that there is a certain 
amount of variability in the observed values of 0’. 
It is now desirable, in comparing the results of the 
tests on the three different materials, to determine 
whether this variability is sufficiently small to allow 
real differences, if they exist, between the various 
materials to be determined. Such a determination 
can be made through the use of an “F” test [5]. 
In this test it is assumed that the variability of ma- 
terials expressed as their variances (squares of the 
standard deviations) may be considered to be es- 
sentially equal, or at least to have come from the 
same population of variances. If they do not, then 
the “/*" test will indicate that they are too variable 
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TABLE III. ANALYsis OF VARIANCE FOR THE RATE 
OF STRESS RELAXATION J)’ 


(F = 10.06; Fie, = 5.49; Fee, = 3.35) 


Sum of Degreesof Mean 

Source of variation squares freedom — square 

Between types of fiber 27.5077 27 10.2739 

Within each type of fiber 20.5479 2 1.0210 
Total 48.0556 29 





for use in comparing the average b’ of the materials. 
If they do, then individual comparisons of average )’ 
values may be made between materials to determine 
The results of 
such a comparison are given in Table III. The com- 
was 10.06, whereas the tables of 


whether or not they are different. 


puted value of “F” 
“F” stated that for the number of degrees of free- 
dom involved in this experiment a value of “/” in 
excess of 5.49 would prove the variance hypothesis 
99 percent of the time. This is greater than pure 
chance, so that we may assume, overall, that the dii- 
ference in average b’ values is not obscured by the 
variability of the individual b’ values for the ten ob- 
servations for each material from which they were 
computed. 

It is finally of interest, then, to determine whether 
or not this type of test method is sensitive to differ- 
ences in stress relaxation for different types of fiber. 
In the comparison of any two of the materials, it 1s 
assumed that there is no difference in the average 1’ 
values and that the variances come from the same 
population, a fact already shown to be true by the 
“F” test. In order to test this hypothesis, the ‘Stu- 
dent”-Fisher ‘t-test [5], which has been designed 
Table 
IV gives the various values of “f’ computed for the 
It can be seen when comparing 


for just such an hypothesis, may be applied. 


three comparisons. 
these values with the value of “?’’-critical that they 
are all greatly in excess of the latter. This indicates 
that there is less than one chance in one hundred that 
It must be assumed, therefore, that 


they are equal. 
Furthermore, the values 0! 


they must be different. 





TABLE IV. CoMPpARISON OF STRESS RELAXATION 
RATES BY STUDENT'S “‘t’’ TEST 
(tse; = 1.83; the; = 2.82) 








Cotton vs. wool 16.98 
Viscose vs. cotton 5.08 


Wool vs. viscose 24.93 















AprIL, 1948 


Elsevier’s Encyclopedia of Organic Chemistry. 
Vol. XIV: Tetracyclic and Higher-Cyclic Com- 
pounds. Series III: Carboisocyclic Condensed 
Compounds. Edith Josephy and F. Radt, edi- 
tors. New York and Amsterdam, Elsevier Pub- 
lishing Co., Inc., 1947. 711+ xx pages. Sub- 
scription price, $45.00; serial price, $52.50; single- 
volume price, $60.00. 


(Reviewed by Eugene Pacsu, Princeton University) 


This new encyclopedia is planned to describe all 
organic compounds reported in the scientific litera- 
ture throughout the world. Obviously, the work is 
supposed to offer in English all that Beilstein is giv- 
ing in German. Original literature sources are to be 
used and secondary sources only occasionally em- 
ployed. 

The general breakdown of the complete work is 
as follows: Series I—Aliphatic Compounds, three 
volumes; Series I]—Carboisocyclic Noncondensed 
Compounds, eight volumes; Series I1I—Carboiso- 
cyclic Condensed Compounds, three volumes ; Series 
[V—Heterocyclic Compounds, four volumes; and 
General Indices, two volumes. The main work will 
comprise approximately 40,000 pages in the twenty 
volumes, which will be subdivided into approximately 
thirty-eight parts. Each volume (one volume is to 
be published about every six months) should contain 
the literature up to four years prior to its date of 
appearance, and approximately two parts will be 
published annually. Supplements are to be published 
ten years after the respective part of the main edition, 
which will be finished in about 1962. The present 
Volume XIV, Tetracyclic and Higher-Cyclic Com- 
pounds, which include the sterols and _ triterpenes, 
Was selected as the first volume to be published be- 
cause of the large group of chemists interested in this 
held. The user of this volume will find that the phys- 
ical and chemical data are adequate although not so 
extensive as they generally are for the organic com- 
pounds in Beilstein. Excellent printing and general 


setup make the volume quite readable, and the abun- 
dant use of structural formulas as well as the ex- 
haustive subject and formula indices facilitates the 
It is to be 


location of the individual compounds. 


Book Reviews 









regretted that in the references the authors’ initials 
are not given. 

Since the price for subscribers to the entire work 
is $6.00 per hundred pages, as against $7.00 to pur- 
chasers on the series basis, and $8.00 to purchasers 
of single volumes, it appears to be a better bargain 
to invest $2,400 for the entire work than to buy it 
volume by volume for a total of $3,200. Either price, 
it is readily admitted, sounds formidable enough to 
the average chemist, and this monumental work, 
when finished, will therefore most likely be found in 
the possession of universities, research institutions, 
and industrial research laboratories only. 


Textile Chemistry and Dyeing. Part I. Chem- 
ical Technology of the Fibers. 10th Edition. 
Louis A. Olney. Lowell, Mass., Lowell Textile 
Associates, 1947. 203+ vi pages. Price, $3.00. 


Carolina 


(Reviewed by A. H. Grimshaw, North 
State College School of Textiles) 


In the United States, there is a great need for text 
and reference books on textile subjects. The au- 
thor of this book has aided greatly in filling the need 
for a textbook on the subject of chemical technology 
of fibers. This is proved by the fact the book is in 
the tenth edition. The author states that the book’s 
scope is that of a condensed textbook on the subject 
of textile fibers for anyone interested in the manu- 
facture and distribution of textile materials. 

The contents of the book are arranged so that a 
study of the natural fibers precedes the study of the 
manufactured fibers. There are separate chapters 
on each individual fiber, with information about the 
chemical and physical properties of that fiber. This 
helps the student to understand to some extent the 
reason for different results in scouring various fibers 
with the same chemicals, and also for the difference 
in final results of dyeing mixtures of fibers with 
the same dyes. Most of this difference is due to the 
chemical composition or properties of the individual 
fibers. 

Some very interesting data are to be found in the 
discussion of “Methods of Fiber Identification and 











1948 Gordon Research Conferences 


Sponsored by 


The American Association for the Advancement of Science 


Tue GORDON RESEARCH CONFERENCES, sponsored by the American Associa- 
tion for the Advancement of Science, formerly known as the Gibson Island Research Con- 
ferences, in 1948 will be held from June 21 to September 3 at the Colby Junior College, 
New London, New Hampshire. 

Requests for attendance at the Conferences, or for any additional information, should 
be addressed to W. George Parks, Director, Department of Chemistry, Rhode Island State 
College, Kingston, Rhode Island. From June 15 to September 3, 1948, mail should be 
addressed to Colby Junior College, New London, New Hampshire. 

The Gordon Research Conferences were established to stimulate research in universities, 
research foundations, and industrial laboratories. This purpose is achieved by an informal 
type of meeting consisting of the scheduled lectures and free discussion groups. It is desired 
to stimulate informal discussions among the members of a Conference by allowing consider- 
able time for recreation. Meetings are held in the morning and in the evening, Monday 
through Friday, with the exception of Friday evening. The afternoons are free for recrea- 
tion, reading, resting, or participation in discussion groups, as the individual desires. This 
type of meeting is a valuable means of disseminating information and ideas which otherwise 
would not be realized through the normal channels of publication and scientific meetings. 

It is hoped that each Conference will extend the frontiers of science by fostering a free 
and informal exchange of ideas between persons actively interested in the subjects under 
discussion. The purpose of the program is not to review well-known fields of chemistry, 
but primarily to bring experts up to date on the latest developments and to provoke sugges- 
tions as to underlying theories and profitable methods of approach for making new progress. 


The program for the 1948 Textiles Conference is as follows: 


Ross C. Whitman, Chairman 
J. H. Dillon, Vice-Chairman 


July 19—Jules Labarthe, Jr.—‘‘Recent Researches at Mellon Institute of Significance to 
the Textile Industry” 
|. Fankuchen—‘‘New Data and Interpretations of X-Ray Studies of Fibers”’ 
July 20—Walter J. Hamburger—‘‘New Techniques for Analyzing the Elastic and Creep 
Properties of High Polymers’”’ 
W. James Lyons—‘‘Dynamic Properties of Filaments, Yarns, and Cords at Sonic 
Frequencies”’ 
July 21—Howard J. White, Jr.—‘‘Sorption and Swelling Phenomena of Natural and Syn- 
thetic Fibers.”’ 
Donald Entwistle—‘‘Aut-Oxidation of Alkali Cellulose.” 
July 22—George H. Fremon—‘‘Vinyon N Fibers”’ 
I. J. Gruntfest—‘‘Recent Studies of the Cellulose-Formaldehyde Reaction”’ 
July 23—Anthony M. Schwartz—‘‘New Concepts of Detergency and Their Application in 
Textile Processing”’ 
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ula- 


vil ABSTRACTS 


lists 


SERVICES AVAILABLE 


Reprints of the original articles abstracted in TEXTILE RESEARCH JOURNAL are often available from the 
An}. ) publishers. Otherwise, it may be possible to secure copies of the periodicals. Orders should be sent direct to the 
rlag publishers. 

Photostat negatives of articles abstracted will be furnished to members of the Institute at a cost of 25 cents per 
page for pages not exceeding 7 inches in width and 50 cents per page for larger sizes up to 1114 x 14 inches. 
Photostats of patents are 50 cents per page. The library's service charge will be added. 

Microfilm copies and paper enlargements of microfilm may be obtained from: Microfilms Inc., 313 N. First 
St., Ann Arbor, Mich.; New York Public Library, New York, N. Y.; Yale University Library, New Haven, 
Conn.; Harvard University Library, Cambridge, Mass.; and Library of Congress, Washington, D.C. Transla- 
tions may also be obtained from the above sources. 

The JOURNAL is again offering to its subscribers reprints of the Abstracts and Book Reviews sections, printed 
ured | on one side of the sheet so that the items may be clipped, pasted on cards, and filed for permanent reference. Sub- 
nsed | scriptions to this service for 1948 are $3.00 each. Orders for this special service should be mailed at once to Textile 
1d it | Research Institute, Inc., 10 East 40th Street, New York 16, N. Y. 
strv, | A list of periodicals abstracted, the abbreviations used in references to articles, and the addresses of publishers 
; | of English language publications is given in the January, 1948, issue, page 48. 
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hem- ANALYSIS: TESTING: textile processes: laundering, wool from an ordinary carbon arc lamp. 
— LABORATORY METHODS scouring, hair cleansing, degumming Based on this observation, a semi- 
s of silk, kiering of fibers of vegetable micro apparatus and technique were 
pter, * origin and boiling-off of rayons. evolved which form a very rapid and 
nyl-, Text. Research J. Apr. 1948 Author accurate method of wide general 


next Measurement of Detergency applicability for the determination 
1Wma- Determination of Diazo of diazo-compounds. Authors 
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«ile A simple laboratory method for Compounds Text. Research J. Apr. 1948 

evaluation of dc acy. A. J. 

tural Kelly and D. H. Gunther. Am. The estimation of diazo-compounds Measurement of Drape 
ether Dyestuff Reptr. 36, P455-6 (Aug. through decomposition by light. 

th in 11, 1947). G. Spencer and F. J. Taylor. J. A new _ simplified form of the 


or A device for agitating soiled samples Soc. _Dyers and Colourists 63, Drapemeter. J. H. Skinkle and 
in detergent solutions is described 394-5 (Dec. 1947). A. J. Moreau. Am. Dyestuff 
which through the use of thermos Very many diazo-compounds can be Reptr. 36, 559-60 (Oct. 6, 1947). 
bottles as containing vessels makes estimated by the well-known cou- A variation of the Drapemeter, an 
external control of bath temperature _ Pling method, which is simple, fairly instrument for measurement of the 
and during the test unnecessary. rapid, and moderately accurate. drape or ‘‘handle’”’ of cloth, has been 


mide 


okol, 


crip: K. S. Campbell There are, however, a number of devised which is claimed to rep- 
ul Text. Research J. Apr. 1948 diazo-compounds, notably the tech- resent an improvement in sensitiv- 
dures nically very important 1-diazo-2- ity, speed of operation, and simplic- 
help- Detergent Power naphthol-4-sulfonic acid and its 6- ity. It consists of a clamp to hold 
e au- ; nitro derivative, which couple very a suspended fabric folded upon it- 
» the Studies on detergent power. J. P. slowly, so that it is necessary to stir self at the top and a rule for measur- 
re ieley (translated by P. J. Wood). for a long period with excess of ing the cord length between vertical 
Am. Dyestuff Reptr. 36, 457-65 coupling agent and back-titrate, edges of the fabric at a definite 

ment. (Aug. 25, 1947). which makes the method slow and _ distance below its suspension point. 
‘hem- The different factors upon which inaccurate. Schmidt and Maier, in A table showing comparative data 


an to detergent power depends are dis- 1931, decomposed some diazo-com- on 10 fabrics of different degrees of 
cin cussed. Methods of determination pounds by exposing solutions of _ stiffness is presented. The correla- 
; of detergent power adapted to the them to sunlight and measuring the tion between the older method of 
different fibers to be treated and the nitrogen evolved. It was found measurement and the new variation 
type of soil to be removed are re- that the decomposition could easily _ is good. K. S. Campbell 

viewed according to the various be effected by means of the light Text. Research J. Apr. 1948 
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Quantitative Separation.” The book also has many 
tables and photomicrographs. 

The author, who is one of the best-known edu- 
cators in the textile field, presents the material in 
such a manner that students or any person with a 
little knowledge of chemistry can obtain much valu- 
able information about textile fibers. 


Encyclopedia of Chemical Technology. Vol. 
I: A to Anthrimides. R. E. Kirk and D. F. 
New York, Interscience En- 
982 + xxiv pages. Price, 


Othmer, editors. 
cyclopedia, Inc., 1947. 


$20.00. 
(Reviewed by Eugene Pacsu, Princeton University) 


The rapid growth of the chemical industry in the 
last half-century made accurate, up-to-date infor- 
mation on chemical technology a necessity in almost 
every branch of manufacturing. The field of chem- 
ical technology is so vast and needed information on 
the details is so scattered in various international 
publications and in the patent literature that it is 
often impossible to obtain accurate data without much 
delay or loss of time. This encyclopedia, represent- 
ing modern American practice and modern American 
chemical engineering, has been written in an effort 
to remedy this situation. 

The work is planned to present a comprehensive 
summary of industrial knowledge on materials, meth- 
ods, processes, and equipment for professional chem- 
ists and chemical engineers working in industry or 
in universities or other research institutions. The 
subject matter is not primarily theoretical and mathe- 
matical but of a descriptive nature, giving balanced 
accounts of preferentially American practices, and 
excluding controversial or hypothetical material. 
All articles are written by authorities in each field and 
reviewed by specialists in organizations other than 
those represented by the contributors. The result of 
this joint effort on the part of experts from the 
American chemical industry and from research in- 
stitutions will be published in ten volumes of approx- 
imately 960 pages per volume, of which two to three 
volumes are scheduled to appear per year. 

The first volume fulfills all expectations and it in- 
deed represents a magnificent example of American 
scientific undertaking, for which all the contributors, 
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the editors, and the publisher deserve congratula- 
tions. A wealth of information printed on excellent 
paper and in attractive type, this first volume will 
undoubtedly be received with enthusiasm by chemists 
and chemical engineers throughout the world. 









Kunstharze (Synthetic Resins). (In German.) 
H. Wagner und H. F. Sarx. Munchen, Verlag 
Carl Hanser, 1946. Zweite, vermehrte Aufl., mit 
21 Abb. 197 pages. Price, 12—RM. 


(Reviewed by Eugene Pacsu, Princeton University) 


This little book, the first edition of which ap- 
peared in 1941, was written primarily for those Ger- 
man lacquer technologists who have not acquired 
higher chemical education. In a short, condensed 
form, the book deals with practical problems, and it 
gives adequate information on the nature, chemistry, 
formation, preparation, and general properties of 
synthetic resins. 

In the first chapter the most important general con- 
cepts are presented concerning the nature and chem- 
resins. Under the heading of 
Resins,” in the second chapter, 
around the phenol-, carbonyl-, 
In the next 


istry of synthetic 
“Polycondensation 
centers 
urea-, alkyde-, and mixed-ester resins. 
chapter the polymerization resins, such as couma- 
rone-, vinyl-, acryl-, and polystyrene resins are de- 
Important derivatives of some natural 


discussion 


scribed. 
polymers like colophony, and caoutchouc, together 
with certain cellulose derivatives, are dealt with in 
the fourth chapter. The closing part of the book 
contains some material on aniline and sulfonamide 
resins, on superpolyamides, polyurethanes, thiokol, 
etc. 

A condensed table showing the solubilities and 
bonding abilities of the synthetic resins and descrip- 
tions of the more important analytical procedures 
for identification of these lacquer materials are help- 
ful features of the new edition. The exhaustive au- 
thor, subject, and patent indices contribute to the 
general usefulness of the book, which was published 
with the approval of the U. S. Military Government. 
It is recommended to the American lacquer chem- 
ists and technologists if for no other purpose than to 
familiarize them with the German version of syt- 
thetic-resin chemistry. 
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Softening of Cellophane 


Softening of viscose film (cello- 
phane) in aqueous glycerol solu- 
tions. S. N. Danilov, M. A. 
Sokolovskii, and A. I. Evdoki- 
mova. J. Gen. Chem. (U.S.S.R.) 
17, 507-16 (1947) (in Russian) 
(through Chem. Abstr. 42, 757c 
(Jan. 20, 1948)). 


The degree of swelling (W) of 
cellophane in glycerol-H,O mixtures 
in 24 hrs., determined by weighing, 
isa linear function of the equilibrium 
content (c) of glycerol (in wt. %), 
W = 292 + 2.37 c. The slope of 
W is much steeper than the increase 
of the densities of the mixtures. 
Sorption of H.O and of glycerol by 
the cellophane film is selective, i.e., 
the proportions in the film are gen- 
erally different from those in the 
equilibrium liquid mixture: at ¢ = 
8.11, 21.64, 46.50, 55.85, 62.22, 
68.37, 88.51%, the excess glycerol 
(over that corresponding to the 
glycerol content in the equilibrium 
solution) in the film was 0.080, 0.219, 
0.373, 0.477, 0.603, —0.054, —0.367 
g. anhyd. glycerol/g. absolute dry 
cellulose. Thus, the selective sorp- 
tion of glycerol is positive up to 
about c = 65%, passes through zero 
at that point, and then becomes 
negative. The point of nonselective 
sorption is very close toc = 63.03% 
corresponding to the trihydrate 
C;HsOs-3H20 assumed by Men- 
deleev to account for the viscosity 
anomaly at that composition, and 
may be regarded as an indirect 
confirmation. 

Text. Research J. Apr. 1948 


Precipitation of Polymers 


Precipitating power as a function of 
molecular weight. A. Dobry. 
J. Polymer Sci. 2, 623-5 (Dec. 
1947), 


The precipitation points of solutions 
of polystyrene, methyl methacry- 
late, and vinyl acetate with the 
following 3 normal paraffin hydro- 
carbon precipitants were deter- 
mined: CyzHis, CisHss, and C3oHes. 
It was found that the concentration 
of hydrocarbon required to attain 
incipient precipitation decreased 
with increasing molecular weight of 
hydrocarbon. It is concluded that 


the incompatibility of many high 
polymers in dilute solution is due to 
the very high precipitating power 
of these high-molecular-weight ma- 
terials. E. D. Klug 
Text. Research J. Apr. 1948 


Steric Hindrance in 
Polymer Solutions 


Steric hindrance in macromolecular 
solutions. J. Duclaux. J. 
Polymer Sci. 2, 626-31 (Dec. 
1947). 


For the simplified case of identical 
rodlike solute molecules of length /, 
2 molecules which are less than 2/ 
apart cannot rotate freely with- 
out some interference. The angle 
through which rotation is not pos- 
sible is defined as the ‘forbidden 
angle.’’ The variation of the for- 
bidden angle at various volume con- 
centrations with axial ratio is tab- 
ulated. From these data it is 
apparent that if the axial ratio is ap- 
preciable the concentration above 
which there is hindrance is ex- 
tremely low and that isotropy is 
not possible at moderate concentra- 
tions. Osmotic pressure, viscosity, 
and streaming birefringence are 
considered. E. D. Klug 


Text. Research J. Apr. 1948 


Effect of Stress on 
Polymer Solutions 


Behavior of concentrated polymer 
solutions under periodic stress. 
J. D. Ferry, W. M. Sawyer, and 
J. N. Ashworth. J. Polymer Sci. 
2, 593-611 (Dec. 1947). 


Experimental methods for meas- 
uring the mechanical properties of 
concentrated polymer solutions and 
other viscoelastic systems under 
periodically varying stresses are 
reviewed. These include direct 
measurements of stress and strain, 
measurements of response at reso- 
nance frequencies determined by the 
inertia of the apparatus, propaga- 
tion of waves in extended media, 
and measurements of resonance 
vibrations. The conditions for the 
suitability of each method are dis- 
cussed, and equations for the inter- 
relation of the various quantities 
measured are given. Examples are 
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shown to illustrate the fitting of ex- 
perimental data to the calculated 
behavior of mechanical models, in 
order to obtain frequency-independ- 
ent mechanical constants which can 
be interpreted in terms of molecular 
behavior. Authors 
Text. Research J. Apr. 1948 


Polythene 


Polythene fine structure. \W. M. 
D. Bryant. J. Polymer Sci. 2, 
547-64 (Dec. 1947). 


The fine structure is discussed in 
light of previously published x-ray 
data and microscopical observa- 
tions. Also, an experimental study 
of cold drawing of polythene is 
made. E. D. Klug 
Text. Research J. Apr. 1948 


Action of Formaldehyde 
on Wool 


Action of formaldehyde on the 
cystine disulfide linkages of wool. 
II. Conversion of subfraction A 
of the combined cystine into com- 
bined lanthionine and djenkolic 
acid and subfraction B into com- 
bined 4-thiazolidine-carboxylic 
acid. WW. B. Middlebrook and H. 
Phillips. Biochem. J. 41, 218-23 
(1947); cf. C.A. 36, 73248 (through 
Chem. Abstr. 42, 373b (Jan. 10, 
1948)). 


Subfraction B of the combined cys- 
tine of wool (gives water-stable 
SH and S-cysteinesulfonate groups 
with NaHSO;) reacts with HCHO 
at 70-100°C at pH 1.0, 6.7, or 10.0 
to yield combined 4-thiazolidine 
carboxylic acid. Subfraction A 
(which gives water-labile groups) 
yields combined lanthionine un- 
der the same conditions. Wool in 
which fraction (A + B) has been 
reduced to thiol groups reacts with 
formaldehyde, subfraction A being 
converted into combined djenkolic 
acid and subfraction B into com- 
bined 4-thiazolidine carboxylic acid. 
When treated with methylene di- 
iodide, only subfraction A is cross- 
linked and converted into combined 
djenkolic acid. Supercontracted re- 
duced wool reacts with HCHO as 
does normal reduced wool. 

Text. Research J. Apr. 1948 
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Ash Content of Wool 


A study of methods for determining 
the ash content of wool. G. C. 
LeCompte and J. L. Parkes. 
Am. Dyestuff Reptr. 36, 571-2 
(Oct. 6, 1947). 


The most accurate of a variety of 
methods studied for determining ash 
in wool resulted from the use of a 
furnace at 500°C but this is almost 
too slow to be practicable. Nearly 
as accurate and fairly convenient is 
the use of a furnace at 600°C. The 
use of Fisher burners in ignition, 
with air blown in, results in ash 
tests which are slightly low. With 
corrections made for the high find- 
ings due to the presence in extracts 
of an ash component, the deficien- 
cies of the air-blown Fisher burner 
technique are felt to be almost 
negligible in its effect on clean con- 
tent. Experiments were made with 
the method in which the wool 
samples are dissolved in HCl and 
the ash determined in two cate- 
gories: the insoluble ash and that 
present in the filtrate. Results by 
this technique tended to be low. 


Text. Research J. Apr. 1948 Authors 


Affinity of Acid Dyes for Wool 


The measurement of the affinity of 
monobasic acid dyes for wool. 
D. R. Lemin and T. Vickerstaff. 
J. Soc. Dyers and Colourists 63, 
405-11 (Dec. 1947). 


The affinity of acid dyes for wool is 
defined quantitatively in terms of 
the change in standard chemical 
potential of the dye during adsorp- 
tion on the fiber. Equations are 
developed whereby the affinity can 
be evaluated from equilibrium meas- 
urements on (a) the adsorption of 
free dye acids by wool, (6) the dis- 
placement of dye anions from dyed 
wool by inorganic anions, and (c) 
the competition between 2 dyes for 
the sites in the wool fiber. It is 
shown that the equations developed 
for each of the 3 methods are valid 
over a wide range of pH, dye and 
salt concentrations, and that the 
different methods yield consistent 
affinity values for the 6 dyes which 
have been studied. Authors 
Text. Research J. Apr. 1948 


Identification of Vat Dyes 


A new reagent for the identification 
of vat dyes: Acidified potassium 
permanganate. D. A. Derrett- 
Smith and B. C. Gee. J. Soc. 
Dyers and Colourists 63, 401-4 
(Dec. 1947). 


As an aid to the identification of vat 
dyeings on linen, cotton, and viscose 
rayon materials, Bradley and Der- 
rett-Smith (J. Soc. Dyers and Colour- 
ists 56, 3, 97 (1940)) described the 
color reactions of over 800 individual 
dyeings when the dyed material was 
subjected to 4 simple tests. While 
these tests are sufficient to char- 
acterize the great majority of vat 
dyes with reasonable certainty, 
there are certain exceptions, and the 
present note describes a further test 
whereby the dyed material is treated 
with acidified potassium perman- 
ganate solution followed by an 
acidified solution of hydrogen per- 
oxide. This test not only provides 
a means of distinguishing between 
dyes which cannot be distinguished 
with certainty by means of the tests 
described in the earlier paper, but in 
many cases forms a most useful 
confirmatory test. Authors 
Text. Research J. Apr. 1948 


Viscosity of Polymer 
Solutions 


Determination of intrinsic viscosi- 
ties of linear polymers in con- 
centrated solution. R. Govaerts 
and G. Smets. J. Polymer Sct. 
2, 612-22 (Dec. 1947). 


The intrinsic viscosities, calculated 
from empirical equations of Schulz 
and Huggins, are in error when vis- 
cosities are measured at high con- 
centrations. The equation 7s)/C 
= [n](1 + Knsp — ns» 150) gives 
intrinsic viscosities accurate to 
within 1% where solution concen- 
trations as high as 15% were used 
to get msp/C. K in the above 
equation has a value of about 0.25. 
K values and intrinsic viscosities 
are calculated for polystyrene, poly- 
methyl methacrylate, polyisobuty- 
lene, polymethacrylonitrile, poly- 
vinyl alcohol, and polyvinyl acetate 
solutions in different solvents at 
concentrations as high as 20%. 
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All specific viscosity data were pro- 
viously published. E. D. Klug 
Text. Research J. Apr. 1948 


X-Ray Camera for Textiles 


X-ray diffraction camera for micro- 
techniques. Frank G. Chesley. 
Rev. Sct. Instruments 18, 422-4 
(1947) (through Chem. Abstr. 42, 
347 (Jan. 10, 1948)). 


Object of the design is an instrument 
for carefully positioning textile fibers 
in a very narrow x-ray beam. 


Text. Research J. Apr. 1948 


CHEMICAL AND PHYSICAL 
RESEARCH 


* 


Structure of Cellulose 


Atomic configuration of cellulose. 
A. J. A. van der Wyck and K. H. 
Meyer. J. Polymer Sct. 2, 583- 
92 (Dec. 1947). 


The various proposals for the struc- 
ture of cellulose based on x-ray 
studies are reviewed. The struc- 
ture proposed by Meyer and Misch 
is considered the best approxima- 
tion. Limitations of the x-ray data, 
such as the fact that the number of 
data obtainable from a fiber pattern 
is fewer than the number of un- 
known parameters and the fact that 
the scattering power of atoms bound 
by covalent links is not known, make 
any model only an approximation 
of the position of the atoms. Pos- 
sibilities other than those of Meyer 
and Misch, based on other assump- 
tions, may also fit the data. The 
authors find the structure proposed 
by Peirce to be unsatisfactory. No 
new data given. E. D. Klug 


Text. Research J. Apr. 1948 


Molecular structure of cellulose 
and starch. Eugene Pascu. J: 
Polymer Sci. 1, 565-82 (Dee. 
1947); TEXTILE RESEARCH JOUR- 
NAL, 17, 405-18 (Aug. 1947): 
abstract in TEXTILE RESEARCH 
JourNAL, 17, 720 (1947). 


Text. Research J. Apr. 1948 
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BLEACHING: DYEING: 
FINISHING 


* 


Pilot Plant for Bleaching 


Pilot-plant bleaching of cotton fab- 
rics. J. H. Kettering and W. N. 
Berard. Am. Dyestuff Reptr. 36, 
552-4 (Oct. 6, 1947). 


The details of a pilot-plant process 
for kier boiling and bleaching of 
cotton cloth are given. Physical 
and chemical analyses show that 
the method is satisfactory and pro- 
duces fabrics equal in quality to 
those from commercial processes. 
A desizing treatment with RHozyme 
DX for 1 hr. at 150°F was found to 
be sufficient. Reducing the caustic 
strength in the kier or a double kier 
boil did not offer sufficient advan- 
tages to warrant recommendation. 
A 4-hr. hydrogen peroxide bleach 
did very little damage to the fabrics 
but fabrics which remained in the 
bleach bath overnight were suff- 
ciently damaged to preclude the rec- 
ommendation of this procedure. 

Text. Research J. Apr. 1948 Authors 


Chemistry of Chlorites 


Characteristics of chlorite chemistry 
with special consideration of its 
use for bleaching. L. T. Muus 
and I. Refn. Tids. Textiltek. 4, 
173-80 (1946) (through Chem. 
Abstr. 42, 766f (Jan. 20, 1948)). 

A very complete review of the 

manufacture of ClO. and ClO. 

and their use in the bleaching of 
textiles. Other uses of ClO. as 
finishing agent, for bleaching of 

paper, and as oxidant for vat and S 

dyes are described. 58 references. 

Text. Research J. Apr. 1948 


Rayon Yarn Dyeing 


R. W. Joerger. 
(Jan. 


Rayon yarn dyeing. 
Textile Inds. 112, 65-67 
1948). 


First of a series pertaining to the 
dyeing of rayon fibers. The range 


of deniers available today is from 
15-300, with a variety of the num- 
ber of filaments. 


Yarns made from 





finer filaments are softer and 
stronger than the coarse denier but 
must be given more twist. When 
wet, rayon is weak and swollen and 
must be handled more carefully 
than cotton, although both fibers 
may be dyed on the same machin- 
ery. All surfaces which come in 
contact with the yarn must be very 
smooth and the dye bath should 
contain some auxiliary lubricant. 
Package dyeing is very successful if 
the packages are loosely wound to 
allow swelling. Viscose rayon has a 
great affinity for the dyes used for 
cotton, in contrast to acetate, 
which cannot be dyed successfully 
with these types of dyes. 

A. L. Landau 
Text. Research J. Apr. 1948 


Cake-Dyeing Viscose 


Cake dyeing of viscose rayon. J. 
A. Woodruff. Am. 
Reptr. 36, 549-51, 572 (Oct. 6, 
1947). 

A general discussion of present 

methods of dyeing and _ finishing 

viscose rayon cakes, machine de- 
sign, dyeing procedures, and ex- 
traction and drying techniques. 

The bulk of cake dyeing up to the 

present has been done in the conven- 

tional package machine adapted for 
the purpose and has been restricted 
to the use of direct dyes. 

K. S. Campbell 

Text. Research J. Apr. 1948 


Tippy Dyeing of Wool 


The tippy dyeing of wool and its 
control. New York Section, 
AATCC. Am. Dyestuff Reptr. 
36, P486-506 (Sept. 8, 1947). 

The validity of the statement that 

colloidal dyestuffs dye tippy wool 

fibers less level than true solutions 
do is questioned. It is shown that 
the property of level dyeing on 
tippy wool is not necessarily related 
to the degree of aggregation of the 
dye. Coloristic evidence is _pre- 
sented to confirm the existence of 
rupture in the sulfur linkage in the 
wool epidermis damaged by sun- 
light. It is shown that relinking 
of the cysteine side chains does not 
prevent tippy dyeing. A table is 


Dyestuff 








TEXTILE RESEARCH JOURNAL 





given of the properties of most acid 
and chrome dyes currently in use, 
with reference to the dyeing of 
tippy wools and mohair. This 
table, based on records for more 
than 4,500 dyeings, has been pre- 
pared for use in the woolen indus- 
try. A study of leveling agents 
based on both laboratory dyeings 
and mill runs has demonstrated 
that tippiness can be overcome by 
the use of proper leveling ageuits. 
A selection of color plates is pre- 
sented to illustrate the results ob- 
tained. Authors 
Text. Research J. Apr. 1948 


Dyeing Developments 


The latest in dyeing developments. 
Anon. Am. Wool and_ Cotton 
Reptr. 4, 11-13 (Jan. 22, 1948). 

There have been few radical changes 

in the equipment used for dyeing. 

Improvements in results have been 

due to changes in the methods of 

application rather than to altera- 
tions in the machinery used. Ad- 
vances in package dyeing and beam 
dyeing have been limited chiefly to 
the attainment of higher production 
in the form of continuous ranges. 

The methods followed in dyeing 

skeins and piece goods are closely 

described. A. L. Landau 

Text. Research J. Apr. 1948 


History of Dyeing 


Old dyers, old books, and old 
methods. Remarks on the his- 
tory of dyeing and finishing. S. 
M. Edelstein. Am. Dyestuff 
Reptr. 36, P523-32 (Sept. 22, 
1947). 

An historical review. 

Text. Research J. Apr. 1948 


Detection of Dyes 


Difficulties in the detection of 
artificial color. Hans ___ Roleft. 
Bs Lebensm.-Untersuch. ih. 


Forsch. 87, 223-7 (1944) (through 
Chem. Abstr. 42, 765a (Jan. 20, 
1948)). 
When extracted with dil. NH,OH 
solution, some dyes form NH: 
compounds and are not recovered 
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acid from the extract with wool fibers. (Cg = the concentration of dye in acidity and NH, vanadate catalyzes 
use, This is common with dyes that con- the bath; S = the equilibrium ab- the reaction. Tables of dye bath 


x of tain sulfo groups; the larger the sorption of dye associated with compositions are included. 

This number of sulfo groups, the greater Cg; W = the water of imbibition; Text. Research J. Apr. 1948 

more is this effect. Roleff recommends’ and D, = the true diffusion coeffici- 

pre- that the dil. NH,OH extract of the ent of the dye ions within the cellu- Factors in Dye Levelness 
idus- dye be boiled well to remove all the | ose when the absorption and sur- R 
rents NH; before acidifying for taking face potential factors are removed.) The influence of liquor flow rate in 
Pigs up the dye on wool fibers. Calculated curves, showing the ap- package dyeing. W. Armfield. 
‘ated Text. Research J. Apr. 1948 parent coefficient as a function of J. Soc. Dyers and Colourists 63, 
e by sodium chloride concentration at a 381-7 (Dec. 1947). 

ents, given temperature, are seen to be An apparatus is described which has 


Natural Dyes 


pre- in good agreement with the experi- been used to show the effect of rate 
; ob- Indigenous Indian dyes. r -£ mental data obtained by Neale and of flow of dye liquor through a vis- 
thors Kirtikar. Indian Text. NS 58, his colleagues for Sky Blue FF and cose rayon: package. A method 1S 
159-60, 137 (Nov. 1947). Benzopurpurine 4B at 101°C. In described by which the levelness of 

Bee ? particular, the well-known maxi- a dyed package can be ascertained, 

The indigenous dye industry has sym in each of these curves is the levelness being expressed as a 

7 given way largely = the synthetic accounted for. Theagreement with decimal fraction of unity, where 
dyes because of their relative cheap- measured data for Chlorazol Fast unity represents complete levelness. 
‘ ness, brightness on fabrics, con- Red K at 90°C is less satisfactory. The degree of levelness so expressed 
vey retain a" generally greater The theory also accounts for the jis termed the ‘“evelness factor.” 
. fastness to ba hasadtnad agencies. variation with temperature of the The apparatus may be used to 


ents. 


anges Twenty-two natural dyes, together apparent diffusion coefficient for classify direct dyes, by comparing 
veing. with their Latin or botanical names, (Chlorazol Fast Red K at constant the relationship between rate of 
been are discussed. These are used sodium chloride concentration, for flow and the levelness factor for 
ds of mostly by the hand-loom _ silk temperatures higher than about individual dyes. This relationship, 
Itera- weavers In remote villages. ; 60°C. Below this temperature some with a few “exceptions, shows dis- 
Ad- R. K. Worner — of the difference between calculated  tinctive behavior for each of the 3 
beam Text. Research J. Apr. 1948 and observed values of the diffusion classes of direct dyes; viz., Classes 
fly to coefficient is reasonably attributed A, B, and C, according to the S.D.C. 
—— Diffusion of Dyes to the effect of aggregation of the method of classification. For a 
sate si dye at the lower temperatures. given set of dyeing conditions, the 
yeing The diffusion of direct dyes into New estimates are made of the sur- levelness of a dyed package is in- 
losely cellulose. I. A surface potential face charge of cellulose in an elec- creased by increasing the rate of 
indau theory of the effect of salt and  trolyte and of the internal area of flow of the dye liquor; hence the 


temperature on the apparent dif- cellulose sheet, and these are in degree of levelness depends upon 
fusion coefficient. J. Crank. J. good agreement with previous esti- the rate of flow at a given rate of 
Soc. Dyers and Colourists 63, mates by other means. The “true exhaustion. By controlling the 
412-18 (Dec. 1947). diffusion coefficients’ of the dye _ electrolyte content of the dye liquor 


i old In this paper, the diffusion of dye ions, when the absorption and elec- to obtain 50% exhaustion, the range 
 his- into a cellulose sheet is considered trical factors are removed, are of levelness factors, for the whole 
g. S. as a process of activated diffusion found to be of the same order asthe of the dyes at one rate of flow, shows 
yestuff with absorption. The activation free diffusion coefficients in elec- less variation than when dyeing is 


. trolytes. The physical assumptions — carried out with constant addition of 
underlying the mathematical treat- electrolyte. For a given dye, in- 
ment are reviewed. Author creasing the rate of flow is equivalent 
Text. Research J. Apr. 1948 to reducing the salt sensitivity. 


Text. Research J. Apr. 1948 Author 


energy is that required by a dye ion 
to surmount an electric potential 
barrier at the outer surface of the 
cellulose sheet. This surface po- 
tential is attributed to the combined 
surface charge of the cellulose itself | Development of Indigosols 

and of the dye ions instantaneously Solubility of Acetate Dyes 


adsorbed on the outer surface when New process for development of in Cleaning Solvent 
the sheet is immersed in the dye Cibantine (Indigosol) dyes 


bath. The fraction f of dye mole- by steaming. Robert Haller. Washing-out of cellulose acetate 
cules in the bath having shee. Sins Teintex 12, 335 (1947) (through dyes by solvents used in dry- 


yn of 
Roleff. 
it.° 


rough GQuisite activation eneray is desived Chem. Abstr. 42, 765d (Jan. 20, cleaning. Georges Sellier and 
n. 20, asa f . oti . 1948)) Michel Vandeputte. TJezntex 12 
as a function of salt concentration : ms I a : , 
and temperature. A diffusion equ- Addition of NaBr and NaBrO; to 290 (1947) ——_ Chem. Abstr. 

H,OH ation is developed in which there the dye bath produces mild oxida- 42, 765c (Jan. 20, 1948)). 
NH; appears an apparent diffusion co- tion and ensures better dyeing re- Tabulations of solubilities of the 

dB effic : yeing : 

vere etheicnt D, where D = fD,WCp/S. sults. NH, sulfate is used for mild diazoacetoquinone series of dyes and 
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Noir Acetazol BR, in alcohol, tri- 
chloroethylene, and CsH¢ in the 
cold and at 50°C. 


Text. Research J. Apr. 1948 


Spots on Dyed Acetate 


Note on the changes in cellulose 
acetate dyes caused by perfume 
or alcohol spots in the presence of 
organic solvents. Paul Terrier. 
Teintex 12, 328 (1947) (through 
Chem. Abstr. 42, 7656 (Jan. 20, 
1948)). 


Dyed cellulose acetate fabrics hav- 
ing perfume or alcohol spots are 
first treated with steam before dry 
cleaning with  trichloroethylene. 
This procedure fixes the dye in the 
spots so that it is not further washed 
out to accentuate the spotting. 


Text. Research J. Apr. 1948 


Storage of Sulfur Black- 
Dyed Cotton 


Study of finishing treatments, ap- 
plied to sulfur black-dyed cotton 
textiles, for protection of the fiber 
during prolonged storage. Anon. 
Teintex 12, 331 (1947) (through 
Chem. Abstr. 42, 766e (Jan. 20, 
1948)). 


Neither the impurities in the NaS 
used nor the free S in the sulfur 
black has any detrimental effect on 
the dyed fibers. Comparisons are 
made of the effect of rinsing baths 
such as NaOAc, Na»COs, KeCreO7, 
NaBOs, soap, and NaOH-soap solu- 
tions. It was found that the com- 
bined NaOH and soap solutions 
produced the most effective rinse 
and fibers so treated showed no 
change even after 600 hrs. of heating 
at 70°C in a humid atmosphere. 


Text. Research J. Apr. 1948 


Tendering of Vat-Dyed 
Material 


Tendering of vat-dyed textile ma- 
terials on exposure to light. H. 
A. Turner. J. Soc. Dyers and 
Colourists 63, 372-80 (Dec. 1947). 


A review is given of some of the 
developments in this field during 
the past 14 vears. 
made to 


An attempt is 


connect these develop- 









ments and to show where gaps still 
exist in the experimental investiga- 
tion of vat dyes on the fiber. There 
is, in particular, a paucity of reliable 
spectrographic data. References 
are given to work in other fields 
which may be capable of fruitful 
extension to vat dye systems. 

Text. Research J. Apr. 1948 Author 


Detergents 


Synthetic detergents and surface 
activity. Cornelia T. Snell. J. 
Chem. Education 24, 505-11 (Oct. 
1947). 


Annual Marie Curie Lecture, given 
at State College, Pa., May 5, 1947. 
The review covers principles in- 
volved in cleaning; nature, types, 
and applications of surface-active 
agents; and methods for evaluating 
them. R. K. Worner 
Text. Research J. Apr. 1948 


Glycerin in Textile Processes 


Glycerin in textile processes. 
Anon. Am. Wool and _ Cotton 
Reptr. 5, 11, 12 (Jan. 29, 1948). 


Glycerin is used in the textile in- 
dustry as a fiber lubricant to in- 
crease moisture retention, pliability, 
and softness. Ease of removal 
makes it particularly valuable for 
lubricating delicate fibers. Glyc- 
erin is added to sizing mixtures to 
aid in effecting even penetration of 
the size into the yarn and to prevent 
stiffening and drying out of the 
fibers. Glycerin is widely used in 
printing owing to its affinity for 
fiber, and because it may act as a 
solvent, suspending medium, hygro- 
scopic agent, dispersant, and pene- 


trant. Glycerin is also used in the 
manufacture of many _ synthetic 
fibers. A. L. Landau 


Text. Research J. Apr. 1948 


Resins for Rotproofing 


Resistance of resin-impregnated 
cotton fabrics to microorganisms. 
W. Lawrence White and R. G. H. 
Siu, Ind. Eng. Chem. 39, 1628-30 
(Dec. 1947). 

Cotton print cloth impregnated with 

urea- and melamine-formaldehyde 

resins and cured in the usual manner 
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has an increased resistance to mic ro- 
organisms. Complete resistanc: to 
pure culture of Metarrhizium glu: in- 
osum for 6 days and Aspergi/!us 
flavipes for 12 days was imparted to 
the cloth by 6.4% Resloom, 5.5% 
Areotex or 5.0% RHonite. In soil- 
burial tests, losses in tensile streigth 
varied with the soil-burial time and 
the resin content. 15% RHonite 
QJ85 showed 8% loss on 7 days’ 
soil burial, 7 to 10% Resloom HP 
showed 0 to 5% loss on 7 days’ soil 
burial, and 5.9% Aerotex M-3 re- 
tained all its tensile strength after 
14 days’ burial. A. R. Macormac 
Text. Research J. Apr. 1948 


Synthetic Scouring Agents 


Wool raw stock scouring aided by 
synthetic detergents. O. M. 
Morgan. Textile Inds. 112, 84 
(Jan. 1948). 


Abstract of a report on the use of 
synthetic detergents in scouring 
wool. .The synthetic agents speed 
the process due to rapid wetting, 
assist in the removal of wool grease, 
and accelerate the rinsing of alkali 
from wool. A. L. Landau 
Text. Research J. Apr. 1948 


Solubilization 


Solubilization in textile processing. 
J. W. Creely. Am. Dyestuff 
Reptr. 36, 411-12, 424 (July 28, 
1947). 

Solubilization, which is defined as 

“the taking up by solutions of soaps 

and detergents of substances which 

are otherwise insoluble or very 
slightly soluble in the solvent med- 
ium,” is discussed briefly in its 
theoretical aspects. The solubilized 
material, e.g., a low-molecular- 
weight organic liquid, is incorpo- 
rated in the colloidal particles of the 
detergent itself and at least a por- 
tion is present within the lamellar 
micelles of the detergent. Much 
greater efficiency in removing soils 
such as grease and bitumens is 
attained if some low-molecular- 
weight alcohols, hydrocarbons, of 
chlorohydrocarbons are first solu- 
bilized in the soap or detergent 
solution. The function of the sol- 
ubilized substance is to open up the 
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hydrocarbon layers in the soap 
micelles, enabling them to mix with 
the larger high-molecular-weight hy- 
drocarbons and in turn solubilize 
them. Such textile applications of 
this solubilization effect as the 
estimation of grease in wool-scour- 
ing liquors, the formulation of wool- 
depainting agents, and various dry- 
cleaning uses are discussed. 

K. S. Campbell 
Text. Research J. Apr. 1948 


Waterproofing 


Surface properties of organosilicon 
coatings. Application for water- 
proofing of various materials. 
M. Peyrot. Inds. plastiques 3, 
201-6, 246-51 (1947) (through 
Chem. Abstr. 42, 410a (Jan. 10, 
1948)). 

A review of the theoretical back- 

ground of wetting. The degree of 

wetting or the work of adhesion is 
evaluated by measuring the contact 
angle. The latter can be deter- 
mined indirectly (immersed plate, 
capillary rise, and drop methods) 
or directly by a variation of the 
method by Kneen and _ Benton 

(C.A. 32, 1542%) which was used by 

Peyrot to measure both the ad- 

vancing and receding angle and 

implicitly the frictional resistance 
of the surfaces to motion. Instead 
of paraffin, waxes, and derivatives 
of fatty acids, silicones are used for 

H.O-repellent coatings. Surfaces 

exposed to the fumes of methyl 

chlorosilanes, preferably Me.SiClo, 
in humid atmosphere and freed of 

HCl, are covered with a coating 

having a contact angle of 103° 

(paraffin coatings have 105°). 

Other coatings made from solutions 

of silicone oils and resins or from 

pastes are used for electrical insula- 
tion. 

Text. Research J. Apr. 1948 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


* 


Degradation of Cotton in 
Subtropical Climates 


The (egradation of untreated cotton 
fabrics exposed to weather in a 


subtropical climate. J. D. Dean 
and R. K. Worner. Am. Dye- 
stuff Reptr.. 36, 405-10, 423-4 
(July 28, 1947). 


Changes in breaking strength and 
fluidity were employed as the chief 
criteria of degradation suffered by 
cotton fabrics during exposure to 
weather in the subtropical climate 
of New Orleans. By combining 
data obtained from replicate sam- 
ples, exposed for equal periods of 
time but under different seasonal 
conditions, it was possible to deter- 
mine the average or year-round 
effects of weather on untreated 
cotton fabrics of different weights 
and constructions. It was shown 
that an unbleached 10-oz. cotton 
duck, e.g., may be expected to lose 
on the average about 40 to 45% of 
its original warp breaking strength 
after 6 mos. of exposure and from 
60 to 65% after 12 mos. of exposure. 
These losses are accompanied by 
fluidity increases up to about 16 
and 22 rhes, respectively. Un- 
bleached _lighter-weight —_ fabrics 
showed somewhat greater strength 
losses, with about the same fluidity 
increases. Kier-boiled or bleached 
cloth suffers slightly greater average 
strength losses than gray cloth of 
equal weight, and its degradation is 
characterized by definitely higher 
fluidity values at points of equal 
strength loss. Wide variations in 
breaking-strength losses observed 
in replicate gray samples exposed 
during different seasons of the year 
were attributed chiefly to biological 
attack since they were accompanied 
by only minor fluidity changes. 
Kier-boiled cloth was subject to 
biological attack to a lesser degree, 
and its strength losses, believed to 
be due chiefly to the photochemical 
action of sunlight, were somewhat 
less influenced by seasonal variations 
and were accompanied by relatively 
high fluidity values. Authors 
Text. Research J. Apr. 1948 


Web Fabrics 


The manufacture of web fabrics. 
Maurice A. Goldman. Rayon 
Text. Mo. 28, 61-3 (Nov. 1947); 
Can. Text. J. 64, 42, 44 (Nov. 
1947). 
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This paper, presented at the Oct. 
1, 1947, meeting of the A.A.T.T. in 
New York, traces in detail the art 
of web-fabric manufacture, dividing 
the processing into 3 phases. The 
first phase, of which there are 2 
methods in use—lamination in long- 
itudinal direction only and cross- 
lamination—deals with treating the 
web directly from the carding 
machinery. In the second phase, 
the web from drawing machinery is 
cross-laminated. The third phase 
introduces the combing machinery, 
where the web is cross-laminated. 
Fabrics manufactured from each 
class or phase have their own par- 
ticular merits, ranging from light- 
weight, low-priced articles for the 
household and personal use (nap- 
kins, doilies, towels, etc.) to strong 
plastic-laminated materials for 
structural uses (sheeting and plat- 
ing, channels, I and H beams, angle 
and T shapes, etc.). The cost of 
these fabrics is low for numerous 
reasons. Unspinnable coarse cot- 
ton and noils are suitable and card- 
production rates are very high, with 
an average of 50 Ibs./hr., depending 
on the condition of the stock. The 
possibility that heavy-duty pneu- 
matic tires would be burstproof and 
have greater tread wear-resistance 
if made of cotton web instead of 
rayon or cotton cord is suggested. 
Where transparency is an advan- 
tage, the synthetic industry, by the 
use of fusing instead of resin bond- 
ing and the same general principles 
of web-fabric manufacture, is find- 
ing an outlet for a large percentage 
of its waste. L. A. Fiori 
Text. Research J. Apr. 1948 


Lightweight Wool Fabrics 


New wool fabrics. Anon. Textile 
Weekly 41, 74 (Jan. 9, 1948). 


Lightweight cloths with nylon core 
and alginate carrier are presented 
as entirely new developments. One, 
a new wool fabric weighing as fine 
as 1}-oz./sq. yd. or up to 7oz., accord- 
ing to use, using worsted counts up 
to 120s, and incorporating 95% wool 
and 5% nylon yarn in the final 
cloth, is made by using alginate 
rayon yarn as the carrier thread. 
This thread later dissolves out, 
leaving only wool and nylon in the 
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cloth structure. Another “‘feather- 
weight”’ wool cloth is produced by 
using the alginate in thread form 
twisted with the wool thread to give 
it sufficient strength to withstand 
the stresses of weaving. When the 
alginate fiber is dissolved, a pure 
wool fabric of extremely light weight 
and gossamer fineness is left which 
can be woven on standard looms. 
For wool, these developments add 
greatly to the range of cloth styles 
available for luxury fabrics used in 
women’s-wear. L. A. Fiori 
Text. Research J. Apr. 1948 


Blending Synthetics 


Ply blend tropicals popular. Anon. 
Am. Wool and Cotton Reptr. 49, 
9, 10, 42 (Dec. 4, 1947). 


Blends of different synthetic fibers 
and blends of synthetics and wool 
are capable of producing more di- 
versified fabrics with respect to 
finish and handle. Each fiber has 
a particular characteristic which 
may impart a different effect to the 
finished cloth. Synthetics are avail- 
able in different deniers or di- 
ameters of fiber, different staple 
lengths, and various lusters, all of 
which are factors affecting the finish 
of the fabric. Accurate blending is 
a necessity and should be done in 
the opening or picking process. The 
blend should be made from a large 
number of bales which have been 
well conditioned. Blending at the 
drawing frame is not recommended. 
The draft and twist of the roving is 
apt to be critical in determining the 
quality of the spun yarn. A typical 
blend for tropical fabric is repro- 
duced. A. L. Landau 
Text. Research J. Apr. 1948 


Blending Viscose and Wool 


Viscose- and wool-blend flannel. 
Anon. Am. Wool and _ Cotton 
Reptr. 3, 17-18, 61, 63 (Jan. 15, 
1948). 


Satisfactory flannel fabrics are being 
produced from blends of 75% re- 
generated cellulose and 25% wool. 
The wool used is generally 64s in 
grade and is cut to the desired short 
length. The importance of taking 
into consideration the variations in 





the moisture content which may 
exist in the different fibers making 
up the blend is pointed out. If the 
blend is made up of fibers which 
have not been properly conditioned, 
the percentage by weight of the 
components will change as one 
fiber absorbs more moisture than 
the other. The variation will be 
enough to cause a defective appear- 
ance in the finished yarn. Hand- 
ling of the blend throughout the 
different processes in the mill is 


discussed. A. L. Landau 
Text. Research J. Apr. 1948 

Jute 
Jute fiber. P. B. Sarkar. Indian 


Text. J. 58, 145-50, 158 (Nov. 
1947). 


A general review. Statistics on 
world production and some proper- 
ties of textile fibers are quoted to 
show the relation of jute to other 
fibers and its importance in the 
economic life of India. Studies on 
the composition, chemical retting, 
and properties of jute are reviewed. 

R. K. Worner 


Text. Research J. Apr. 1948 


Protein Fibers 


More about protein fibers. Anon. 
Am. Wool and Cotton Reptr. 3, 
19, 20, 63 (Jan. 15, 1948). 


The characteristics of protein fibers 
are reviewed and criticized. The 
chief criticism of casein fiber is that 
it approximates the properties of 
wool but does not have the high 
quality of wool. A. L. Landau 
Text. Research J. Apr. 1948 


Tire Cord 


Hysteresis, elastic modulus, and 
growth of tire cords under com- 
parable loads. Edith Honold and 
Helmut Wakeham. Ind. Eng. 
Chem. 40, 131-4 (Jan. 1948). 


Data on hysteresis, elastic modulus, 
total growth and growth rate for 
5 cotton, 3 mercerized cotton, 4 
rayon, and 1 nylon tire cords under 
rapid cyclic loading have been 
determined. Three conditions 
were used: (1) temperature 25°C, 
vacuum-dried cords with less than 
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1% moisture; (2) temperature 25°C, 
equilibrium moisture at a relative 
humidity of 40%; (3) temperature 
90°C, equilibrium moisture at «p- 
proximately a relative humidity of 
40% at 90°C. The results are cijs- 
cussed and the possible significance 
of these factors is pointed out. No 
one tire cord is best in all respects, 

A. R. Macoriiac 


Text. Research J. Apr. 1948 


Scoured Wools 


Important notes on scoured wools. 
A. N. Patterson. Rayon Text. 
Mo. 29, 81-2 (Jan. 1948). 


Grade, fiber length, color, moisture, 
vegetable matter, grease and soap 
residue, acid content, alkali damage, 
carbonizing, and fiber strength are 
dealt with respect to specifications 
and methods of measurement. 
Text. Research J. Apr. 1948 Bo ee Fiori 


Wadding Card 


New small-pattern wadding card. 
Anon. Platts Bulletin 5, 221-2 
(Nov.—Dec. 1947). 


This card eliminates the difficulties 
encountered with the standard-type 
full roller and clearer card and is 
especially recommended for the 
preparation of absorbent, tailor, and 
upholstery wadding. Its chief fea- 
tures are accessibility, compactness 
through reduced dimensions, and a 
reduction in the number of carding 
points per sq. in. For the low- 
spinning trade it may be used as 
a breaker card. Illustrations are 
given and its operation is described 
in some detail. L. A. Fiori 
Text. Research J. Apr. 1948 


Types of Card Clothing 


Metallic or flexible wire card cloth- 
ing. R.Z. Walker. Textile Bul- 
letin 74, 34, 36, 38 (Jan. 1948). 


The differences which exist between 
the flexible wire and the metallic 
card clothing are stated and the 
relative merits of each are given. 
The divergence between the two is 
more important with respect to 
maintenance rather than to per- 
formance, since flexible wire clothing 
is more difficult to repair. The 
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extra weight of metallic clothing is 
said to be a disadvantage because 
of the power consumption. 

A. L. Landau 


Text. Research J. Apr. 1948 


Overhauling the Card 


Overhauling the card. Anon. 
Saco- Lowell Bull. 19, 34-5 (June 
1947). 


A method for installing new bush- 
ings for the cylinder bearing on the 
revolving flat card is outlined in 
detail. L. A. Fiori 


Text. Research J. Apr. 1948 


Theory of the Card 


Theory and function of the card. 
Anon. Textile Inds. 12, 92-5 
(Dec. 1947). 


The theory of the functioning of the 
cotton card, a description of the 
card sub-assemblies, and the objec- 
tives of carding are discussed. 

A. L. Landau 
Text. Research J. Apr. 1948 


The Noble Comb 


Recent research on Noble combing. 
P. P. Townend. Textile Re- 
corder 65, 49-51 (Jan. 1948). 


This is an account of investigations 
to determine the effect of some of 
the many variable factors on tear, 
expressed as a ratio between weight 
of top sliver and noil content, and in 
some instances fiber breakage en- 
countered in Noble combing. Ex- 
periments to reveal the effects of 
nep formation and __ involving 
changes in fancy roll speed, card 
production rates, and percent wool 
grease, soap, and oleine added to 
scoured wool show that there is no 
simple relationship between nep 
content and tear. Small differ- 
ences in nep content do not affect 
tear, but large differences are re- 
flected in top and noil content. 
Trials to decide whether the feed 
knife settings should remain con- 
stant or be altered throughout each 
test as the comb balls decrease in 
size indicated that if combing is 
confined to small weights the feed 
knife should be left alone since no 


greater accuracy can be expected 
by changing its settings. Data are 
given in 6 tables and 2 figures. 

Text. Research J. Apr. 1948 L. A. Fiori 


Fiber Control in Drafting 


Fiber control during drafting. 
Anon. Platts Bulletin 5, 224-6 
(Nov.—Dec. 1947). 


The conditions necessary for the 
attainment of ideal fiber control are 
discussed from a theoretical point of 
view. The result of this new con- 
cept regarding the complexities of 
fiber control during drafting was the 
development of suitably shaped 
plastic guides, inserted inside the 
drafting field, to be used on slubbing, 
2-zone high-draft-speed frames, and 
ring spinning frames of exception- 
ally high drafts. Appended are 
several figures simplifying the pres- 
entation of this new idea. 


Text. Research J. Apr. 1948 L. A. Fiori 


Development of Long Draft 


The development of long draft. 
Anon. Am. Wool and _ Cotton 
Reptr. 4, 9, 10, 14 (Jan. 22, 1948). 


A review of the history of the present 
long-drafting systems. It is shown 
that the long-drafting system must 
be able to draft without breaking 
the long fibers and still control the 
short lengths. The different de- 
signs of drafting systems which 
have been produced by engineers 
throughout the world are described 
and commented upon. 


A. L. Landau 


Text. Research J. Apr. 1948 


Roving Lay Calculations 


How to figure lay per inch on roving 
bobbins. Fay H. Martin. Tex- 
tile Inds. 112, 77-80 (Jan. 1948). 


A review of the formulas used to 
find the proper lay gear for use on 
a roving frame. The Martin form- 
ula is fully explained mathemati- 
cally and the proper formulas are 
given. Tables are reproduced to 
aid in calculating the correct lay. 
A. L. Landau 


Text. Research J. Apr. 1948 


Roving Levelness 


Towards roving levelness. R. S. 
Audley. Fibres 8, 412-3, 41 
(Dec. 1947). 


For the improvement of roving 
levelness a system of doublings and 
can-balancing operations actuated 
by positive knock-off motions are 
essential. To counteract major 
sources of variation, attention to 
pairing up of heavy and light cans 
must begin at the can gill box and 
continue at the weigh box, where 
bobbins should be counterbalanced 
accordingly. Considerations such 
as drafts, roll settings, twist, quality 
of raw material and blending tech- 
nique, and bobbin weights should 
also be taken into account. 

Text. Research J. Apr. 1948 L.. A. Fiori 


Mechanized Preparation 


Mechanized preparation. L. Arm- 
strong. Textile Weekly 41, 18, 20 
(Jan. 2, 1948). 


In a previous article (Text. Weekly 
40, 748, 750, 752 (Oct. 24, 1947)), 
the author gave the background of 
the subject. This one fills in the 
details, with 8 tabular summaries 
describing automatic assembling 
machines, automatic assembling 
methods, high-speed warpers and 
creels, beam warping, direct ring 
spinning vs. pirning for bobbin- 
changing automatic looms from a 
weaver’s standpoint and automatic 
bobbin-changing looms from a spin- 
ner’s standpoint, fully automatic 
pirn winders, and economic aspects 
of automatic pirn winding. 

Text. Research J. Apr. 1948 |e A. Fiori 


The Medley System 


The Medley system. Anon. 
Textile Weekly 41, 60, 62 (Jan. 9, 
1948). 


A direct spinning machine system, 
which will spin continuous-filament 
rayon tow into any counts from 2s 
up to 40s (on cotton system), has 
been developed. The 3 operations, 
breaking, drafting, and twisting the 
tow, are combined on one frame, 
and, owing to the principle involved, 
the filaments can be broken down 
to almost any desired length with 
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about a 103-in. staple maximum. 
Although yarn so produced has a 
high degree of shrinkage, it has a 
very high breaking strength. Ex- 
periments now in progress along 
similar principles aim to produce a 
yarn in one operation direct from 
sliver or top from the natural fibers 
(cotton, wool, etc.). L. A. Fiori 
Text. Research J. Apr. 1948 


Spinning Calculations 


Spinning calculations simplified. 
Part I. Anon. Platts Bull. 5, 
179-93 (Sept.—Oct. 1947). 


Eleven graphs (numbered 1-11) 
have been developed from which 
may be predetermined with ease 
the (a) relation of staple lengths 
to counts spun, and (6) the range 
of drafts and hank rovings at 
the ring spinning frames for differ- 
ent types of drafting systems (3- 
roller ordinary draft, 3-roller high 
draft, 4-roller high draft, apron high 
draft, and Casablanca compound 
high draft). Itis shown how simply 
answers can be obtained from these 
graphs without tedious calculations. 
The graph showing data for the 
Casablanca system also includes the 
range of drafts normally obtainable 
for Indian, American, Egyptian 
carded, and Egyptian combed cot- 
tons. L. A. Fiori 
Text. Research J. Apr. 1948 


Spinning calculations simplified. 
Part II. Anon. Platts Bulletin 
5, 209-18 (Nov.—Dec. 1947). 

This series of graphs (numbered 

12-18) is a continuation of the group 

described in Part I (zbid. 5, 179-93 

(Sept.-Oct. 1947)) and numbered 

1-11. By simple means, these 

charts determine (a) weight in 

drawing (in terms of hank drawing) 
and hank roving at slubbing, inter- 
mediate, and roving frames together 

with required drafts when using 3 

roving passages on the 3-roll or 

ordinary drafting system; (6) suit- 
able drafts to be applied to drawing 
frame slivers and resultant hank 
rovings for the high-draft systems 
having drafting rollers arranged in 

2 zones and capable of producing 

roving direct from the drawing 

sliver in one operation: (c) card 


sliver weight and various draft 
gears required when using finisher 
laps weight from 10 to 16 oz./yd.; 
and (d) lap lengths with various 
change gears, total lap weight, and 
yds./min. delivered by the calender 
rolls when utilizing various combin- 
ations of beater speeds and double 
pulley diameters. L. A. Fiori 


Text. Research J. Apr. 1948 


Staple Rayon Spinning 


The use of rayon staple in woven 
facrics in England. R. S. Green- 
wood. Rayon Text. Mo. 28, 74-5 
(Dec. 1947); 29, 45-6 (Jan. 1948). 


The view that the cotton system is 
so versatile that it can produce from 
rayon staple yarns having the char- 
acter of those from any other system 
is debatable. Examples of fabrics 
made on the silk, flax tow, worsted, 
and Bradford systems and exhibit- 
ing characteristics which cannot be 
achieved on the cotton system are 
illustrated. From comparison of 
the parallel (cotton) and criss-cross 
(woolen) spinning systems, some 
interesting sidelights are pointed 
out. Fabrics of a wool-rayon staple 
blend (4 wool and } 4.5-den. 2-in. 
rayon) were prepared in’ which 
everything was identical except the 
methods of spinning, namely, the 
cotton and woolen systems. In 
machine washing, the cotton-spun 
fabrics shrank from 13 to 30% and 
the woolen-spun fabrics shrank from 
3 to 5%. The woolen-spun fabric 
withstood from 2 to 3 times the 
number of rubs that sufficed to 
abrade the cotton-spun fabric into 
holes. In both the tensile strength 
and the bursting tests the cotton- 
spun fabric excelled. Effective 
variations from wool-rayon staple 
blends, as produced by dyeing tech- 
niques, are described. Spun-dyed 
“Fibro,” although possessing many 
desirable features, is used mainly 
for colored yarns which have not 
suffered from handling in the dyeing 
process. Hencea fabric of a colored 
design with a high degree of wash- 
ability can be produced. ‘‘Ray- 
olanda”’ has special features enabling 
it to be exploited by various systems 
of spinning: worsted, woolen, cotton, 
and flax, alone or in combination 
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with other materials, including c .n- 
tinuous filament. Described in ‘‘e- 
tail are the promising possibilities of 
these two fibers. L. A. Fiori 
Text. Research J. Apr. 1948 


Theory and Practice 
of Spinning 


Theory and practice of spinning. 
W.H. Westenberg. Textile Inds. 
112, 90, 92, 97, 99 (Jan. 1948). 


The regularity of a yarn is closely 
connected with the square root of 
the number of fibers per section, 
and the deviation of a coarse yarn 
is greater than that of a fine yarn. 
Irregularities in yarn evenness are 
influenced by variations in staple 
lengths of individual fibers. Dou- 
bling decreases, whereas drafting 
increases, irregularities. 

A. 1. 
Text. Research J. Apr. 1948 


Landau 


Ring-Spinning Frame 


Modern ring’ spinning. Anon. 
Textile Weekly 41, 100, 102, 104, 
106 (Jan. 16, 1948); Platts Bulle- 
tin 5, 103-8 (Mar.—Apr. 1947). 


Details and technical particulars, 
taken from Platt’s descriptive leaf- 
let, of the new “M.1” spinning 
frame are given. Although  sub- 
stantially orthodox in_ principle, 
this frame offers improved perform- 
ance and flexibility for a wide field 
of raw materials including synthet- 
ics, a good range of counts, a choice 
of 3 high-drafting arrangements 
such as the 4-roller, single-apron, 
and Casablanca systems, and many 
other special features including the 
variable-speed motor drive, central- 
ized headstock lubrication, roller 
bearing spindles, etc. L. A. Fiori 
Text. Research J. Apr. 1948 


Combination Builder Motion 
for Ring Frames 
The combined building motion. 


Anon. Platts Bulletin 5, 223-4 
(Nov.—Dec. 1947). 


To meet the requirements of high- 
speed winding methods, a special 
arrangement of the builder motion 


the “combination build’’— 


called 
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actually an embodiment of the warp 
and filling wind—has been intro- 
duced. Diagrammatic sketches de- 
scribe and illustrate the fitting of 
this device to existing ring frames. 

Text. Research J. Apr. 1948 L. A. Fiori 


Conversion of Mule to 
Ring Spinning 


Further developments in the con- 
version of mule to ring spinning. 
Anon. Textile Recorder 65, 44-5 
(Jan. 1948). 


Reference is made to the invention 
for converting the cotton mule to 
ring spinning (Zext. Recorder 64, 
38-40 (Feb. 1947)). Further im- 
provements, which have now been 
made, enabling the conversion to be 
made on a commercial scale, are 
discussed. A diagrammatic view 
of the principal spinning parts is 
shown. Accompanying conversion 
directions pertaining to spindle 
speeds, ring sizes, lift lengths, bunch 
building, and other mechanica! re- 
fnements are described. The 
elasticity of the ring yarn is com- 
parable to that of the mule yarn 
and it has a skein strength 15% 
higher than the mule spun yarn of 
equal twist. Another interesting 
factor is the low power consumption. 
When using 13-in. diameter rings, 
the resultant package contains ap- 
proximately 25% more yarn than a 
comparable mule package. The 
range of yarns successfully spun on 
the ring mule has been from 16s to 
200s. L. A. Fiori 


Text. Research J. Apr. 1948 


Automatic Loom 
Construction 


Modern methods of fancy weaving. 
Anon. Text. Weekly 40, 1030, 
1032, 1034, 1036 (Dec. 5, 1947). 


From an address given by L. Arm- 
strong at the meeting of the Preston 
and District Textile Manager’s As- 
sociation. In reorganizing his 
firm’s fancy weaving plant the auto- 
matic looms had been assembled 
according to the firm’s own specifica- 
tions. A striking feature of these 
looms is that all the swells or binders 
Were at the front of the lay and en- 
gage the front wall of the shuttle. 


It was recognized that a leather 
facing to the swell might hold the 
filling occasionally; therefore, lam- 
inated cloth and Bakelite materials 
were recommended for the purpose. 
Conclusions drawn from the firm’s 
experience with these looms were 
that a correctly designed automatic 
loom could be extremely flexible, 
make fewer rejects of fancy goods, 
and is not expensive to maintain. 
Problems on the limitations of the 
angle of the shed, maximum size of 
filling package, shuttle form, rela- 
tionship between crank throw and 
crank arm, and crank arm lengths 
were perhaps not considered suffici- 
ently by the loom manufacturers. 


Text. Research J. Apr. 1948 L. A. Fiori 


New Jacquard Loom 


New center shed Jacquard loom. 
Anon. Silk and Rayon 21, 1690, 
1694 (Dec. 1947). 


This latest center shed Jacquard 
loom is of simple and compact de- 
sign, embodying many refinements. 
Of importance is the use of an end- 
less paper roll perforated to patterns 
instead of the conventional per- 
forated cards on a cylinder. An- 
other special feature is the tilted 
griff and bottom board which can 
be adjusted to give perfect shedding, 
thereby obviating excessive strain 
on the warp threads. A detailed 
description of the loom and _ its 
operation is given. L. A. Fiori 
Text. Research J. Apr. 1948 


Preparation of Harness 
for Twisting-In 


Preparing weave harness for twist- 
ing. H. E. Wenrich. Rayon 
Text. Mo. 28, 64-5 (Nov. 1947). 


The author describes detailed meth- 
ods for harness lifting and leasing: 
cutting, tying up, and inspecting 
warps ready to be cut out; and vari- 
ous other associated operations. A 
solution is offered for the prevention 
of over-running a size spot, resulting 
in the elimination of smashes and 
the difficulty of having to retwist on 
sized yarn. L. A. Fiori 


Text. Research J. Apr. 1948 


Twisting-In Warps 


Hand twisting-in of warps. H. E. 
Wenrich. Rayon Text. Mo. 29, 
55-7 (Jan. 1948). 


Detailed suggestions, considered not 
to be so familiar in the weaving 
trade, are offered for speeding up 
warp-end twists by the hand method 
A hand-twisting setup is illustrated. 
Successive steps, plus the hand 
movements, are shown diagram- 
matically. The method of pulling 
the twisted warp through to com- 
pletion, care of the twister’s hands, 
etc., are also given. L. A. Fiori 


Text. Research J. Apr. 1948 


Worsted Warps 


Preparation of worsted warps. 
Anon. Text. Mercury and Argus 
118, 133-4 (Jan. 23, 1948). 

This discussion reports successful 

results attained by the use of a 

patent tension gage incorporated 

into the beaming-off arrangements 
on a Hattersley warping machine. 

Its main features are the mainte- 

nance of even tension on beaming-off 

and optimum tension for beaming- 
off warps of certain counts. 
L. A. Fiori 

Text. Research J. Apr. 1948 


The Cascade Warper 


“Cascade” warper for F.N.F. unit. 
Anon. Can. Text. J. 64, 48, 50 
(Dec. 26, 1947). 


Known as the ‘‘Cascade’’ process, 
the new method of warping now 
available with the F.N.F. machine 
is unlike conventional systems used 
in the rayon industry and is said to 
give excellent results. It is claimed 
that the process will eliminate 
abrasion of yarn, provide for wind- 
ing of yarn from creel to beam at 
uniform speeds, give great flexi- 
bility in beam widths, and as- 
sure maximum operating efficiency. 
With the new process the yarn 
package, either cake or cone, is 
used at the V-shaped creel which 
incorporates tension devices _per- 
mitting different yarn paths for 
viscose and acetate filament. From 
the creel the yarn is fed to the beam. 
Circumferential speed of the beam 
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is controlled by the tension to assure 
a uniform winding rate at all di- 
ameters. Technical data on the 
““Cascade’”’ warper plus a detailed 
description of its general features 
are given. L. A. Fiori 
Text. Research J. Apr. 1948 


Developments in Weaving 


Modern systems of weaving. 
Andre Manuel. Textile Weekly 
41, 154, 156, 158 (Jan. 23, 1948); 
210, 212, 214 (Jan. 30, 1948). 


An extensive summary of the ad- 
vantage of automatic looms and a 
discussion of such improvements as 
the newly installed picking cam of a 
contour for smoother operation, the 
conversion of the shuttle changing 
loom—normally used for crepe fill- 
ing—to a bobbin changing loom 
and the building of an all-purpose 
flexible loom convertible from a 
4X1 automatic loom for the weav- 
ing of even-pick fabrics to a 4X4 
box pick-and-pick nonautomatic 
loom. L. A. Fiori 


Text. Research J. Apr. 1948 


Weaving Rayon and 
Wool Blends 


Four factors affecting weaving of 
spun rayon-wool blended fabrics. 
S. A. Prokusi. Textile Inds. 112, 
81-2 (Jan. 1948). 


A discussion of the 4 main factors 
which are a detriment to weaving 
blends of rayon and wool. These 
are (1) softly wound beams, (2) 
incorrect moisture content of the 
yarn on the beam, (3) improper 
beam storage, and (4) the use of 
beams which are eccentric or have 
damaged flanges. A. L. Landau 
Text. Research J. Apr. 1948 


Economies by Large Packages 


Large packages in the spinning 
and weaving industries. Allan 
Draper. Text. Mercury and 
Argus 118, 118, 121, 123 (Jan. 23, 
1948); Textile Weekly 41, 150, 
152 (Jan. 23, 1948). 

Evidence presented shows that the 

use of larger packages from roving 

through weaving, bigger cans (12-in. 


instead of 9-in.) in drawing and 
carding, and heavier picker laps 
result in maximum cost reduction 
and increased production per man 
hour. Attention is focused, by 
means of examples and figures, on 
the gains realized from each stage 
of the manufacturing routine. 

Text. Research J. Apr. 1948 L. A. Fiori 


Static Eliminators 


Eliminating static in textile proc- 
esses. F. A. Westbrook. Tex- 
tile Manufacturer 74, 32-3 (Jan. 
1948). 

Static eliminators in the form of 

metallic strips covered with a thin 

metal foil into which is evenly dis- 
persed a radioactive material have 
proved successful in the reduction of 
static electricity. The metal foil is 
preferably composed of either gold 
or platinum and acts as a bonding 
agent for the radium salt. The 
eliminator is set close to the point on 
the machine where the presence of 
static charges causes trouble. The 
alpha-radiation ionizes the air, mak- 
ing it conductive for electricity and 
permitting static charges to dis- 
sipate. The effective life of the 
material is indefinite. It is stated 
that an important advantage of the 
device is that it operates equally 
efficiently under all conditions of 
relative humidity and makes pos- 
sible the reduction of the humidity 
in the mill. A. L. Landau 
Text. Research J. Apr. 1948 


MISCELLANEOUS 


* 


Air Conditioning 


Air conditioning in textile mills. 
E. Howlett. Textile Manufac- 
turer 74, 22-6 (Jan. 1948). 

To attain highest efficiency the 

textile mill should be air-condi- 

tioned, which includes controlling 
the temperature, air velocity, rela- 
tive humidity, and the extraction 
of impurities from the atmosphere. 

Methods which have been evolved 

in England to accomplish these ends 


are described, together with the 
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equipment and controls which «re 
used. A. L. Landau 
Text. Research J. Apr. 1948 


Bobbin Refinisher 


Automatic bobbin refinisher, 
Anon. Textile Weekly 41, 64 
(Jan. 9, 1948). 


A bobbin refinisher has been spe- 
cially designed for small-lot refinish- 
ing of bobbins and flanges. 

im A. Fiori 
Text. Research J. Apr. 1948 


Color and Constitution 


Color and constitution. A. Maccoll. 
Quart. Revs. 1, No. 1, 16-58 
(1947) (through Chem. Abstr. 42, 
427h (Jan. 20, 1948)). 

A review with 83 references. 

Text. Research J. Apr. 1948 


Nylon Cordage 


British nylon cordage goes on 
wheels. Anon. Rayon Text. 
Mo. 29, 77-8 (Feb. 1948). 


Many fields of application such as 
whaling roping, heavy-duty marine 
ropes, watch straps, etc., of nylon 
cordage are described briefly. 
Text. Research J. Apr. 1948 L. A. Fiori 


New Pin Drafter 


New pin drafter speeds processing. 
Anon. Am. Wool and_ Cotton 
Reptr. 52, 12, 42 (Dec. 25, 1947). 

A description of a new pin drafting 

machine which represents an ad- 

vanced design of the screw gill. 

Use of the machine allows the re- 

duction of the number of processing 

steps and will handle straight wool, 
blends of wool with either cotton or 
synthetic fibers, or crimped staple 

synthetic fibers by themselves. A 

description of the essential elements 

of the machine is given. 
| 


Text. Research J. Apr. 1948 


Landau 


Treated Gauze for 
Drying Cheese 
Use of treated gauze for drying pot 


cheese and casein. A. Vorolev. 
Myasnaya t Molochnaya Prom. 
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1945, No. 6, 45-6 (through Chem. 
Abstr. 42, 374h (Jan. 10, 1948)). 


Gauze is treated with a 10% solu- 
tion of casein in 0.12N Na2CO; and 
tanned with 4% formalin. The 
gauze is stretched on frames during 
the treatment, which requires 15—20 
sec. for 1st dip and 1-1.5 min. for 
the 2nd dip. After drying, the 
gauze is ready for use as a drying 
support for pot cheese or casein. 
The treatment greatly improved the 
durability of the cloth. 

Text. Research J. Apr. 1948 


Fungicides for Felts 


The resistance of treated felt gasket 
materials to fungus attack. S. 
Berk. Am. Dyestuff Reptr. 36, 
541-3 (Sept. 22, 1947). 


The effectiveness of felt gasket ma- 
terials treated with 7 fungicides 
against mold growth has_ been 
determined. Complete protection 
against fungus growth was shown 
by copper pentachlorophenate, 
phenyl mercury oleate, ethyl mer- 
curic pentachlorophenolate and zinc 
dimethyldithiocarbamate. Dihy- 
droxydichlorodiphenyl methane in 
concentrations of 1 and 1.5% gave 
complete protection to 100% wool 
felts but only partial protection to 
cotton-wool felt mixtures. Copper 
8-hydroxyquinoline with and with- 
out an added water repellent showed 
only slight growth and is considered 
satisfactory. The phenyl mercuric 
salt of oleyl-amido-ethane-sulfonic 
acid was the least effective of the 
fungicides tested. Author 
Text. Research J. Apr. 1948 


Automatic Looms 


Automatic loom construction. H. 
de G. Gaudin. Text. Mercury 
and Argus 117, 833-4 (Dec. 12, 
1947), 


This report covers a historical re- 
view and comparison of English and 
American automatic loom construc- 
tion methods. In the United States 
development has been rapid because 
of an intensive program of loom con- 
struction specialization, limiting to 
two the outstanding types of looms 
available. In England, however, 


loom production standardization has 
been difficult owing to the resistance 
of the industry to automatism and 
also because of the many types being 
manufactured. L. A. Fiori 
Text. Research J. Apr. 1948 


Jacquard Loom 


Furnishing fabric Jacquard. Anon. 
Text. Weekly 40, 1204, 1206, 1208 
(Dec. 26, 1947). 


This Jacquard loom, especially made 
for the furnishing trade, has many 
novel features and striking improve- 
ments. An illustration of the me- 
chanical advancements is given. 

Text. Research J. Apr. 1948 LL. A. Fiori 


Odor Measurement 


perspiration 
Inds. 12, 


Device measures 
odors. Anon. Textile 
117 (Dec. 1947). 

A description of the Osmometer, an 
apparatus which is capable of deter- 
mining the concentration of odors. 
The device is based on the air 
dilution principle. A. L. Landau 
Text. Research J. Apr. 1948 


Flame-Resistance of Plastics 


Toxicity and flame-resistance of 
thermosetting plastics. Law- 
rence B. Berger, H. H. Schrenk, 
James A. Gale, Ralph W. Stewart, 
and Lorenz E. Sieffert. U.S. 
Bur. Mines, Rept. Invest. 4134, 
11 pp. (1947) (through Chem. 
Abstr. 42, 408f (Jan. 10, 1948)). 


Battle-damage reports from U.S. 
Fleet units indicated that toxic 
fumes are emitted when thermoset- 
ting plastic materials used for 
electrical insulation are burned or 
thermally decomposed in enclosed 
spaces. The Navy flame-resistance 
test for these plastics was modified 
to provide also for the determination 
of toxic gases evolved. In com- 
paring phenolic-mineral-filled and 
cellulose-filled molded plastics the 
volumes of CO and cyanides were 
approximately equal for both types, 
but the range of volumes of NH; 
obtained for the former was wider 
than that obtained for the latter. 
Phenolic-asbestos-fabric-filled | ma- 
terials and phenolic-cotton-fabric- 
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filled molded materials gave off 
approximately equal volumes of 
NH; as well as of CO and cyanides. 
Phenolic-asbestos-fiber-filled types 
gave off much more NH; than 
any of the phenolic-cellulose-filled 
molded types. The volumes of all 
3 toxic gases were higher for mela- 
mine-mineral-filled molded mate- 
rials that did not ignite than for 
the phenolic-mineral-filled materials. 
Melamine-mineral laminated ma- 
terials which did not ignite gave off 
greater volumes of CO and NHs; 
than the melamine-mineral lami- 
nated materials which ignited. For 
the same type of resin, inorganic 
fillers provided a more flame-resist- 
ant plastic than an organic filler. 
For the same type of filler, melamine 
resins provided more flame-resistant 
plastics than phenolic resins. 

Text. Research J. Apr. 1948 


Statistical Quality Control 


Statistical quality control. D. S. 
Hamby. Textile Inds. 112, 85-7 
(Jan. 1948). 


An outline of a simple method of 
applying elementary statistical pro- 
cedures as an aid in the collection 
and analysis of data for the purpose 
of establishing and maintaining 
efficient processing techniques. 

A. L. Landau 
Text. Research J. Apr. 1948 


Modification of the 
Periodic Table 


A modification of-the periodic table. 
L. M. Simmons. J. Chem. Edu- 
cation 24, 588-91 (Dec. 1947). 


A modified Werner type of periodic 
table is constructed by placing the 
elements in a horizontal series from 
left to right in order of increasing 
atomic number until the first alka- 
line-earth metal has been placed. 
A second series is commenced below 
and sufficiently far to the left to 
allow the second alkaline-earth 
metal to fall directly below the first; 
subsequent series are formed by 
repeating this procedure. The re- 
sulting chart displays the usual 
groups of related elements and also 
shows a regular change from hori- 
zontal to vertical relationships, 7 








260 


integral zones of related elements, 
and changes in the complexity of 
electronic grouping. The rare earth 
elements and their homologs are 
placed in the table without recourse 
to an isotopic grouping, subsidiary 
tables, or medial gaps. The num- 
ber of the period to which any atom 
belongs is the maximum sum ob- 
tained by adding together the first 
2 quantum numbers of each elec- 
tron. The numbers of elements 
constituting the periods form a 
Rydberg series with the first term 
duplicated. Author 


Text. Research J. Apr. 1948 


Spanish Yarn Count System 


Spain’s new method of yarn count- 
ing. Anon. Fibres 9, 7 (Jan. 
1948). 

A new standardized yarn-numbering 

system referred to as TEX and 

based on the weight per unit length 

(1,000 meters) has been adopted by 

Spain. The system is a direct one 

in which the count equals the num- 

ber of units of weight per unit 
length. It will apply to all kinds of 
yarns irrespective of their fiber 
composition. A_ brief outline of 
other advocated systems is also 
given. L. A. Fiori 


Text. Research J. Apr. 1948 


Proposed Range of 
Yarn Counts 


Proposal for a reduced range of yarn 
counts. A. W. Bayes. J. Text. 
Inst. 38, P487-99 (Nov. 1947). 


This discussion, an expansion of sug- 
gestions in an earlier paper by the 
author (J. Text. Inst. 36, P87—92 
(July 1945)), is concerned mostly 
with weighing the available evidence 
in order to estimate what would be 
an economical, but not a restrictive, 
range of yarn count sizes for use in 
governmental or commerical fabric 
specifications. Considerations — of 
the size of step used in other indus- 
tries and of the variability of the 
count of cotton yarns lead to the 
conclusion that 1.189 (V2) would 
be a suitable common factor or ratio 
to follow in a geometrical progres- 


sion. From considerations of com- 


mercial test methods on cloth cut- 
tings, the common ratio for a range 
of standard counts should be not 
less than about 1.4. The range of 
standard counts proposed in the 
earlier paper is confirmed and use of 
such a range is discussed. For the 
coarse cotton condenser yarns below 
3.75s a larger common ratio would 
be appropriate because of their 
greater variability in count and the 
practical difficulty of controlling 
the mean count. An index system, 
involving the use of consecutive 
numbers and a conversion table to 
convert actual to nominal count 
based on the standard regain of 83%, 
is proposed and illustrated by ex- 
amples. In addition, the possibility 
of applying a system of ‘‘preferred 
numbers” should be considered. 

Text. Research J. Apr. 1948 — [.. A. Fiori 


Electronic Cloth Guide and 
Yarn Breakage Detector 


textiles. 
40, 902, 


Electronics applied to 
Anon. Text. Weekly 
906 (Nov. 14, 1947). 


Messrs. Ferranti, Ltd., Hollinwood, 
Lancashire, have issued particulars 
on (1) a yarn breakage detector and 
(2) a cloth guiding device, with con- 
trol. The former may be applied 
as a warp-stop motion or for the 
detection of ends and slivers in beam 
warping, winding, spinning, roving, 
drawing, etc. It consists of a fine- 
gage wire stretched between sus- 
pended units and so located that 
when an end or sliver breaks it will 
touch this wire, which energizes the 
electronic system, resulting in stop- 
page of the machine. Special fea- 
tures claimed for this detector are 
(1) no voltage in the detector wire, 
(2) no threading of yarn is necessary, 
and (3) it is highly sensitive even 
with the finest yarns. The cloth 
guiding device and control equip- 
ment represents the Ferranti ap- 
plication of the ‘electronic eye”’ of a 
photo-cell assembly working in con- 
junction with Tootal Broadhurst 
Lee Patent No. 542,323 (Text. 
Weekly 30, 366 (Oct. 2, 1942)) for 
accurate guiding of cloth in process- 
ing machinery. Because of the 
quick responsiveness of the cloth 
guiding device to the electronic con- 
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trol, the cloth enters the process ng 
machine at the correct posit/on 
under no distortional effects or 
stresses, a point of utmost im) or- 
tance in finishing operations for 
high-quality fabrics. L. A. Fiori 
Text. Research J. Apr. 1948 


‘Integral’? Numbering 
System for Textiles 


“Integral” yarn numbering system. 
Squire Blackshaw. Text. Weekly 
40, 1066, 1068, 1070 (Dec. 12, 
1947). 

Because integral yarn numbers are 

determined by a variable length 

unit, the thickness of the yarn is not 
taken into consideration. Conse- 
quently, ribbons, braids, and narrow 
fabrics and wide cloths could also be 
numbered on the same basis. Two 
previously published integral num- 
bering tables, one for yarns (Text. 

Weekly 36, 684, 686, 688 (Oct. 12, 

1945)) and the other for ropes 

(Text. Weekly 37, 1260, 1262, 

1264 (June 28, 1946)), plus a table 

for numbering cloths are included. 

From these data a whole range of 

textile products could be numbered 

by one standardized integral system. 

Examples, illustrated by formulas, 

result in cloth, warp, and_ filling 

“counts” as identified with integral 

numbering. A cloth analysis is 

made by using the ‘‘count”’ as a 

constant number. For the warp 

(the number of ends per inch, yarn 

number, cloth width, etc.) the warp 

“count” is used as a dividend and 

the product of the known factors in 

the warp as a divisor, with x repre- 


senting the missing factor. For 
filling calculations the _ filling 
“count” becomes the dividend in 
the same procedure. L. A. Fiori 


Text. Research J. Apr. 1948 


Improved French-Type 
Spinning 


Improved French-type spinning. 
Anon. Am. Wool and_ Cotton 
Reptr. 52, 11, 34 (Dec. 25, 1947). 


A description of the new French- 
type spinning frame, claimed to be 
capable of spinning a range of 
counts from 10s to 90s at a produc- 
tion 85% to 196% greater than that 
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for the mule-type. A 6-line fiber 
control drafting system is used 
which is able to draft as high as 20 
satisfactorily. Large packages are 
spun at high spindle speeds. 

A. L. Landau 
Text. Research J. Apr. 1948 


Sliver Condensing 


Sliver condensing at the card. 
Anon. Platts Bull. 5, 202 (Sept.— 
Oct. 1947). 


By the exertion of pressure on the 
card calender rollers by means of a 
device energized through a system 
of springs, sliver capacity, regardless 
of size, can be increased up to 25%. 
Text. Research J. Apr. 1948 ‘1. A. Fiori 


The Fly Shuttle 


The fly shuttle. John H. Strong. 
Text., Mercury and Argus 117, 
805-7 (Dec. 5, 1947); 843-4 (Dec. 
12, 1947). 


The author reviews shuttle specifica- 
tions and emphasizes the potentiali- 
ties of the self-threading shuttle. 
Important points such as type of 
wood, weight, shape, tips, and bal- 
ancing requirements are discussed 
fully. A practical method of buff- 
ing worn and damaged shuttle tips 
is described. Appended are illus- 
trations of shuttle pegs and rayon 
and nylon shuttles which, according 
to the author, require special con- 
struction features. L. A. Fiori 


Text. Research J. Apr. 1948 


Literature Searching 


Techniques employed in making 
literature searches for a patent 
department. Thelma Hoffman. 
J. Chem. Education 24, 546-9, 
555 (Nov. 1947). 


The need of specialists for scientific 
literature searches is stressed. In 
the searching groups described, 
patents are searched by the staff of 
the patent library whereas literature 
other than patents is covered by 
members of the technical library 
staff. Members of each staff are 
chemists, well grounded in organic 
chemistry, who have a_ reading 


knowledge of French and German. | 


In addition to proper academic 
background, personal characteristics 
such as_ perseverance, integrity, 
good judgment, ability to analyze a 
problem, and ingenuity or chemical 
intuition are necessary. Detailed 
suggestions are given for 4 general 
classes of literature and _ patent 
searches: patentability, state-of-the- 
art, infringement, and validity. 

R. K. Worner 


Text. Research J. Apr. 1948 


Textile Research 
Achievements 


Textile research achievements in 
1947. J. B. Goldberg. Textile 
Bulletin 74, 29-33 (Jan. 1948). 


A brief review of the developments 
which have taken place in the textile 
industry during the year 1947, 
The introduction of new synthetic 
fibers and the methods of manu- 
facturing synthetics are discussed. 
A digest is given of new types 
of textile machinery ranging from 
opening equipment to finishing ma- 
chinery, together with new appara- 
tus designed for the testing labora- 
tory. Improvements in dyeing and 
finishing are recounted. 

A. L. Landau 


Text. Research J. Apr. 1948 


O.T.S. REPORTS * 


* 
Action of Alkali 
upon Cellulose 


upon cellulose. 
(QM Textile 


Action of alkali 
Albert Schaeffer. 
Series Rept. 33.) PB L 80749, 
Apr. 1947; 88 pp.; microfilm, 
$2.00—photostat, $6.00 (through 
Bib. Sci. and Ind. Reports 7, 985 
(Dec. 12, 1947)). 

The information compiled by Dr. 

Schaeffer and published in this re- 

port in its entirety should prove 


* Copies of these reports may be ob- 
tained directly from the Office of Tech- 
nical Services, Department of Com- 
merce, Washington 25, D. C. Orders 
should be accompanied by check or 
money order payable to the Treasurer of 
the United States. 
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helpful to textile manufacturers, 
laundries, and manufacturers of wet 
processing and washing agents. 
The commercial fibers represented 
as Staple Fibers No. 1, No. 2, and 
No. 3 have been identified, respec- 
tively, as Vistra, Cuprama, and 
Lanusa. Staple fibers No. 4 and 
No. 6 have not been identified, but 
are believed to be viscose-process 
rayons. The report is divided as 
follows: Part I. Investigation of 
the effect of common laundering 
alkalies; Part II. The effect of dry- 
ing or oxygen on the alkali boil; 
Part III. Chemical reactions pos- 
sible during treatment of cellulose 
with alkali in presence of oxygen; 
Part IV. The effect of magnesium 
silicate; and Part V. Thermal de- 
composition of cellulose in course of 
the drying process. Tables, graphs, 
photomicrographs, and reactions are 
given throughout the text. 

Text. Research J. Apr. 1948 


Viscose Making in Germany 


Viscose making machinery in Ger- 
many. (FIAT Microfilm Reel 
A 72, Frames 1-92.) PB L 
73937, 1936-1946; 92 f.; micro- 
film, $1.75—enlargement print, 
$9.50 (through Bib. Sci. and Ind. 
Reports 7, 1071 (Dec. 19, 1947)). 


This reel is a microfilm supplement 
of FIAT Final report 647, entitled 
“Viscose Making in Germany,” 
consisting of views and detailed 
drawings from ‘Vereinigte Glanz- 
stoif Fabriken, Obernburg, M. Kalle 
& Co., Wiesbaden, and I. G. 
Farbenindustrie, Wolfen, relating 
to cellulose-viscose production, e.g., 
machinery and_ installations for 
cellulose feeding and tearing, for 
alkalization, filters for liquors and 
for removal of liquors, conveyors, 
high-pressure presses, rotary drums, 
ripening installations, passing cen- 
trifuges, and viscose crushers and 
mills. A drawing index with text 
in English is included. A number 
of frames will not reproduce well. 
Text. Research J. Apr. 1948 


Wool Dyeing and Finishing 


Wool, preparing, dyeing, and finish- 
ing. Discussions with I. G. per- 
sonnel. H. Samuels e¢ al. (BIOS 
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Final Rept. 1239, Item 22.) PB 
L 79570, n.d.; 29 pp.; microfilm, 
$1.00—photostat, $2.00 (through 
Bib. Sct. and Ind. Reports 7, 985 
(Dec. 12, 1947)). 


The discussion is considered under 
7 headings—viz., (1) oiling, (2) 
scouring, (3) whitening of wool, (4) 
dyeing, (5) fibers with dyeing prop- 
erties similar to wool, (6) new dyes, 
and (7) finishing. In general, no 
novel advances had been made by 
the I. G. in. the field surveyed, and 
progress had been confined to lines 
of development in existence before 
the war. Wartime developments 
were largely concerned with the 
shortages and need for substitutes. 
Thus there were extensions to the 
existing range of I. G. emulsifying 
agents, lubricants, detergents, dyes, 
and finishing agents, notably a new 
Eulan and a rotproofing agent. 
Among the most interesting features 
were plans to provide agents which 
would allow wool to be processed 
right up to the dyeing stage in a 
neutral or slightly acid condition, 
the production of a colorless whiten- 
ing agent to supplement bleaching, 
and the attempt to react dyestuffs 
with the wool structure by other 
means than salt formation on amino 
groups. Fundamental research in 
application studies was not done 
during the war years. 

Text. Research J. Apr. 1948 


German Woolen Industry 


The German woolen and worsted 
industry in World War II. Wer- 
ner von Bergen. (QM Textile 
Series Rept. 30.) PB L 85438, 
Apr. 1947; 185 pp.; mimeo, $5.00 
(through Bib. Sct. and Ind. Re- 
ports 8, 523 (Feb. 6, 1948)). 


Information on German woolen and 
worsted materials, with special ref- 
erence to items made from wool 
which have military significance, 
' has been combined in this report for 
use by the Quartermaster Corps and 
interested members of the industry. 
Part I, ‘‘Military items,’’ deals with 
the German standard army uniform 
cloth, blankets, socks, pressed felts, 
aviation underwear, and _ various 
army fabrics. Part II, ‘‘Research 
to improve military items,’’ con- 





tains: (1) Influence of dyeing meth- 
ods on the wear of uniform cloth; (2) 
Study on the scouring and fulling 
operation to improve wear; (3) 
Improvement of wear through the 
use of protecting agents in dyeing; 
(4) The hygienic properties of 
cloth; (5) Testing of worsted yarn 
for wear; and (6) Increasing wear- 
ability of textiles containing wool 
by ‘“Protectol MT.” Part III, 
‘“‘Manufacturing,” discusses pulling 
wool by the use of enzymes, wool 
scouring, wool-grease recovery and 
other by-products recovery, dyeing 
and finishing, nonfelting processes, 
and the German carpet industry. 
Part IV, ‘‘Machinery,”’ describes 
the woolen card at Thomas Scheuf- 
felen A. G., Ebersbach (Fils), Wiirt- 
temberg, and the Gesner ring spin- 
ning frame for the woolen system. 
Part V is concerned with German 
wool grade standards. 


Text. Research J. Apr. 1948 


PATENT REFERENCES 


* 


Yarn Dyeing Method 


Method of dyeing strands of textile 
fibers or filaments. L. C. Gal- 
atioto (to Textron, Inc.), U.S. 
2,432,404 (Dec. 9, 1947). 


A means is provided for dyeing 
filaments or yarns of textile ma- 
terials at high speeds while winding 
from one package to another. The 
strands are run between and in con- 
tact with two surfaces of a fibrous 
wick material. It is said that a 
uniform wetting contact and dis- 
tribution of the dye solution are 
affected by having a multiplicity of 
resilient, fine-pointed, projecting 
fiber ends on the wick material. 
The dyeing is completed during the 
drying of the final package. 

J. A. Woodruff 


Text. Research J. Apr. 1948 


Low-Density Felts 


Process for treating fibrous ma- 
terials. Carleton S. Francis, Jr. 
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(to American Viscose Corp.), 
U.S. 2,430,868 (Nov. 18, 1947). 


Thick, low-density textile felts are 
formed of intermingled non-thermo- 
plastic and thermoplastic textile 
fibers by passing steam through the 
layer of fibers to activate the ther- 
moplastic fibers and bind the combi- 
nation without destroying the fibrous 
character of the thermoplastic fibers, 
No substantial pressure is applied 
during the process. J. A. Woodruff 


Text. Research J. Apr. 1948 


Fabric Processing 


Apparatus for controlling the move- 
ment of fabric through processing 
chambers. James Cook, Dono- 
van M. McSpadden, and Walter 
L. Thornburg. U.S. 2,431,372 
(Nov. 25, 1947). 


A processing chamber is provided 
for controlling the movement of 
cloth in a continuous procedure in 
which a long dwelling period is 
necessary. The fabric moves 
through a series of inclined passages 
in a rippled condition. 

J. A. Woodruff 


Text. Research J. Apr. 1948 


Tow-to-Top Process 


Manufacture of staple fiber yarns 
and tows. Joseph A. Truit (to 
American Viscose Corp.). U.S. 
2,432,355 (Dec. 9, 1947). 


A bundle of continuous filament, 
such as yarns or tows, ranging from 
100 den. up to 200,000 den, is 
twisted with between 3 to 25 turns 
per in. After passing around a 
system of drafting rolls, it enters a 
specially constructed rotatable tube 
which simultaneously introduces 
false twist reverse to the original 
and reduces the bundle to uniformly 
grouped broken filaments. A pair 
of drafting rolls, driven at higher 
speed than the first set, then con- 
solidates the staple fiber bundle 
and delivers it to a collecting device. 
It is claimed that either wet or dry 
continuous filament may be used. 
Several modifications are provided 
for the use of liquid treatments. 


Text. Research J. Apr. 1948 L. A. Fiori 
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